Acta Agronomica by unknown
ACTA 
AGRONOMICA 
A C A D E M I A E S C I E N T I A R U M 
H U N G A R I C A E 
E D I T O R 1 A 1 , B O A R D 
C H A I R M A N 
S . R A J K I 
A. H O R N , P . K O Z M A , G. L Á N G , G. A. M A N N I N G E R , I . M Á T H É , 
I. S Z A B O L C S , I. T A M Á S S Y 
M A N A G I N G E D I T O R 
G Y . P Á L 
T O M Ü S X X I X F A S C I C U L I 1 - 2 
У 
A K A D É M I A I K I A D Ó . B U D A P E S T 
1 9 8 0 
ACTA AGRON. HUNG. 
ACTA AGRONOMICA 
A M A G Y A R T U D O M Á N Y O S A K A D É M I A 
A G R Á R T U D O M Á N Y I K Ö Z L E M É N Y E I 
A szerkesztő bizot tság elnöke : 
R A J K I S Á N D O R 
Szerkesztő : 
P Á L G Y U L A 
S Z E R K E S Z T Ő S É G É S K I A D Ó H I V A T A L : 1 0 5 4 B U D A P E S T , A L K O T M Á N Y U T C A 2 1 . 
Az Acta Agronomica angol nye lven közöl é r tekezéseket az a g r á r t u d o m á n y t á rgy -
körébő l , főképpen a mezőgazdasági a l a p k u t a t á s o k terü le térő l . 
Az Acta Agronomica változó t e r j e d e l m ű f ü z e t e k b e n jelenik meg, t ö b b f ü z e t a lkot 
egy k ö t e t e t . 
A közlésre s z á n t kézi ra tok a köve tkező c ímre k ü l d e n d ő k : 
Acta Agronomica 
2462 Martonvásár, Postafiók 19. 
Ugyaner re a c ímre küldendő m i n d e n szerkesztőségi és k iadóhiva ta l i levelezés. 
Megrendelhető a belföld szántára az Akadémia i Kiadóná l (1363 B u d a p e s t , P f . 24. 
B a n k s z á m l a 215-11488), a külföld s zámára pedig a „ K u l t ú r a " Külkereskedelmi Vá l l a l a tná l 
(1389 Budapes t 62, Р . O. B. 149. B a n k s z á m l a : 218-10-990) vagy a n n a k külföldi képvisele-
te inél . 
T h e Acta Agronomica publishes p a p e r s in Engl i sh on agronomical sub jec t s , mos t ly 
on bas ic research. 
The Acta Agronomica appears in one vo lume ( four issues) a yea r . 
Manuscr ipts shou ld be addressed t o : 
Acta Agronomica 
H-2462 Martonvásár, Postafiók 19. 
Subscr ip t ion: $ 36.00 a volume. 
Orders m a y be placed with " K u l t ú r a " Fore ign Trad ing Company (H-1389 B u d a p e s t 
62, P . O. B. 149, B a n k Account No. 218-10-990) or i t s represen ta t ives abroad . 
Acta Agronomica Academiae Scientiarum Hungaricae, Tomus 29 (1—2), pp. 1—11 (1980) 
DORMANCY IN FRUITS 
OF TILIA PLATYPHYLLOS SCOP 
IV. C H A N G E S I N T H E E N D O G E N O U S G I B B E R E L L I N C O N T E N T 
D U R I N G S T R A T I F I C A T I O N 
B y 
M . N A G Y 
J Ó Z S E F A T T I L A U N I V E R S I T Y , D E P A R T M E N T O F P L A N T P H Y S I O L O G Y , S Z E G E D 
Q u a n t i t a t i v e c h a n g e s in va r ious f o r m s of gibberell in o c c u r r i n g in Tilia platy-
phyllos seeds dur ing s t r a t i f i c a t i o n were s t u d i e d us ing t h e l e t t u c e h y p o c o t y l a n d b a r l e y 
e n d o s p e r m tes ts . F r o m d o r m a n t , n o n - s t r a t i f i e d seeds v a r i o u s f o r m s of gibberel l in , 
inc lud ing f r ee gibberel l in- l ike subs tances , we re de tec ted , w h i c h sugges ts t h a t it is t h e 
r ight level , r a t h e r t h a n t h e presence , of f r e e gibberell ins t h a t is requ i red to b r e a k 
d o r m a n c y a n d s t a r t g e r m i n a t i o n . A s u d d e n increase in t h e q u a n t i t y of e t h y l - a c e t a t e 
soluble f r e e gibberel l in- l ike subs t ances is obse rved f r o m t h e s i x t h w e e k of s t r a t i f i ca t ion . 
Dur ing s t r a t i f i ca t ion cons ide rab le biological a c t i v i t y t akes p l ace in t h e b u t a n o l soluble 
f r a c t i o n con ta in ing g ibbere l l in c o n j u g a t e s , p r o b a b l y as a r e su l t of non-specif ic glucosid-
ase a c t i v i t y . The iden t i ca l R f -va lues f o u n d fo r t h e gibberel l in- l ike subs tances o b t a i n e d 
a f t e r t h e hydrolys is of t h e b u t a n o l soluble f r a c t i o n , and for t h o s e of t h e e thy l a c e t a t e 
f r a c t i o n ind ica te a gene t i c r e l a t ionsh ip b e t w e e n t h e gibberel l in c o n j u g a t e s a n d t h e f ree 
gibberel l ins . I n the TCA-inso lub le f r a c t i o n , w h i c h conta ins g ibbere l l ins bound to m a c r o -
molecules , a low degree of biological a c t i v i t y was f o u n d , b u t on ly one of t h e ac t ive 
spots showed a q u a n t i t a t i v e change . CCC t r e a t m e n t d u r i n g s t r a t i f i ca t ion does n o t 
inh ib i t g e r m i n a t i o n in seeds , wh ich p o i n t s t o t h e f a c t t h a t t h e q u a n t i t a t i v e increase in 
f ree gibberel l in-l ike s u b s t a n c e s is m o s t l y d u e to a release f r o m t h e b o u n d f o r m s r a t h e r 
t h a n t o de novo syn thes i s . 
In t roduc t ion 
Of all t h e physiological effects of gibberell in its ab i l i ty t o break d o r m a n c y 
and s t imula te germinat ion is the bes t k n o w n . 
In m a n y species t h e s t r a t i f i ca t ion r equ i remen t can be successfully re-
placed b y exogenous G A 3 t r e a t m e n t ( A M E N 1 9 6 8 , J U N T T I L A 1 9 7 0 , R o s s — 
B R A D B E E R 1 9 7 1 , K O P C E W I C Z — P O R A Z I N S K I 1 9 7 3 , B A S K I N — B A S K I N 1 9 7 0 , 1 9 7 4 ) . 
These f ind ings jus t i f ied t h e examina t ion of changes in t h e endogenous gib-
berellin level dur ing s t r a t i f i ca t ion , in t h e course of which some a u t h o r s 
( F R A N K L A N D — W A R E I N G 1 9 6 2 , 1 9 6 6 , R o s s — B R A D B E E R 1 9 6 8 , K E N T Z E R 1 9 6 6 ) 
pointed ou t t h a t the endogenous gibberell in con ten t of t h e seeds increased 
dur ing t h e s t ra t i f i ca t ion , suggest ing a re la t ionship b e t w e e n the increase in 
gibberellin con t en t and t h e t e rmina t i on of do rmancy . 
In ear l ier inves t iga t ions wi th Tilia platyphyllos seeds we too found t h e 
endogenous f ree gibberell ins t o increase du r ing s t r a t i f i ca t ion , b u t we did n o t 
succeed in replacing t h e s t r a t i f i ca t ion b y exogenous G A 3 ( N A G Y — S Z A L A I 1 9 7 3 , 
S Z A L A I — N A G Y 1 9 7 4 ) . N a t u r a l l y this does n o t mean t h a t t h e gibberellins are of 
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no i m p o r t a n c e in b reak ing t h e d o r m a n c y of Tilia seeds, since there are g rea t 
differences between t h e gibberell ins in the i r effect on germina t ion (IKUMA— 
T H I M A N N 1963). In order t o get a b e t t e r knowledge of t h e role of endogenous 
gibberellins in developing t h e p romoto r level t h e forms of gibberellin occurr ing 
in the d o r m a n t seed and the i r changes du r ing s t r a t i f i ca t ion were e x a m i n e d . 
Material and Method 
Material of examination. A p o p u l a t i o n s tock ob t a ined f r o m t h e Fo re s t ry of C o u n t y 
Csongrád w a s used in t h e e x a m i n a t i o n s . 
Stratification. Af t e r t h e p e r i c a r p h a d b e e n r e m o v e d the seeds were scarified w i t h sul-
phur ic ac id , t h e n s t ra t i f i ed in c u l t u r e p o t s c o n t a i n i n g washed s and w e t t e d to 8 0 % of t h e fu l l 
wa te r c a p a c i t y . S t r a t i f i ca t ion w a s car r ied out in a r e f r ige ra to r a t 4—5°C. 
Treatment of seeds with CCC and ABA solutions. Af t e r s ca r i f i ca t ion t h e seeds were k e p t 
in Pe t r i -d i shes b e t w e e n f i l t e r p a p e r discs w e t t e d w i t h 500 p p m A B A solu t ion or 1000 p p m 
CCC so lu t ion in a r e f r ige ra to r ( a t 5°C) fo r 3 m o n t h s , t h e n p laced a t r o o m t e m p e r a t u r e . 
Extraction and chromatographic separation of gibberellins. A t t h e beg inn ing of s t r a t i f i ca -
t ion , t h e n a f t e r 3, 6, 9 and 12 w e e k s of s t r a t i f i c a t i on 2000 seeds were r e m o v e d f r o m t h e c u l t u r e 
po t s on e a c h occasion. The s a n d w a s washed off t h e seeds, t h e n t h e seeds were homogen ized 
in a cooled homogen i za to r a n d e x t r a c t e d w i t h 8 0 % m e t h a n o l in a r e f r i g e r a t o r for 2 X24 h o u r s . 
The c o m b i n e d m e t h a n o l e x t r a c t w a s s epa ra t ed i n t o e thy l ace ta te so lub le and b u t a n o l soluble 
acidic f r a c t i o n s b y t h e m e t h o d of HARADA —YOKOTA (1970). The e t h y l a c e t a t e soluble acidic 
f r a c t i o n w h i c h con ta ined t h e f r e e gibberel l ins w a s e v a p o r a t e d u n d e r r e d u c e d pressure a n d 
c h r o m a t o g r a p h e d on a silica gel G layer . T h e so lven t w a s d i i sopropy l -e the r : acetic acid (95 : 5) 
(REINHARD et al. 1964). T h e b u t a n o l soluble ac id ic f r a c t i o n which c o n t a i n e d the g ibbere l l in 
c o n j u g a t e s w a s d iv ided in t w o p a r t s . One of t h e m w a s f i r s t e v a p o r a t e d u n d e r reduced p ressu re 
and t h e n c h r o m a t o g r a p h e d w i t h ch lo ro fo rm : m e t h a n o l : acet ic acid : w a t e r (40 : 15 : 3 : 2) as 
solvent (HARADA—YOKOTA 1970), whi le t h e o t h e r p a r t was h y d r o l y s e d w i th N H 2 S O , or 
/S-glucosidase a t 60°C for 2 h o u r s (YOKOTA et al. 1969). T h e g ibbere l l ins released d u r i n g t h e 
hydro lys i s were e x t r a c t e d w i t h e t h y l ace t a t e , t h e n t h e e thy l a c e t a t e e x t r a c t was e v a p o r a t e d 
u n d e r r e d u c e d pressure and s u b j e c t e d t o t h i n l aye r c h r o m a t o g r a p h y . 
T h e t i s sue homogen iza t e l e f t b e h i n d a f t e r t h e m e t h a n o l e x t r a c t i o n , which con ta ined t h e 
gibberel l ins b o u n d to macromolecu les , was su spended in p h o s p h a t e b u f f e r ( p H 8.0) a f t e r t h e 
so lvent r e s idues h a d been e v a p o r a t e d . A f t e r cen t r i fug ing , the s u p e r n a t a n t was t r e a t e d w i t h 
10% TCA. A f t e r r epea ted c e n t r i f u g i n g t h e p r ec ip i t a t e was h y d r o l y s e d w i t h 2 N N a O H a t 
40°C for 4 h o u r s . Af t e r ac id i f i ca t ion w i t h hyd roch lo r i c acid ( p H 3.0) t h e gibberell ins re leased 
were e x t r a c t e d w i th e thyl a c e t a t e , t h e n e v a p o r a t e d a n d sub jec ted to t h i n l a y e r c h r o m a t o g r a p h y . 
Determination of biological activity 
Lettuce hypocotyl test. T h e c h r o m a t o g r a m w a s d iv ided in to t e n e q u a l pa r t s , a n d t h e 
silica gel w a s sc raped in to P e t r i d i shes 7 c m in d i a m e t e r . T h e powder w a s covered w i th a f i l t e r 
p a p e r disc a n d w e t t e d wi th d is t i l led w a t e r . T h e biological ac t iv i ty w a s measu red us ing t h e 
l e t tuce ( v a r i e t y : " A r a n y s á r g a k ő f e j " ) h y p o c o t y l t e s t , according to t h e FRANKLAND — WAREING 
(1960) m e t h o d . As a control a deve loped and t e s t e d silica gel l a y e r w i t h o u t p l a n t e x t r a c t 
was used . 
Barley endosperm test. T h e p o w d e r sc raped off t h e layer was e l u a t e d w i th e thyl a c e t a t e 
or n - b u t a n o l . T h e e luate w a s e v a p o r a t e d to d rynes s u n d e r r educed p re s su re , the res idue w a s 
t a k e n u p in 2 ml ace ta te b u f f e r c o n t a i n i n g 20 /<М CaCl2 ( p H 4.8) a n d t e s t e d w i th ba r ley endo-
spe rm b y t h e m e t h o d of JONES — WARNER (1967) u n d e r sterile cond i t i ons . Af t e r 24 h o u r s of 
i n c u b a t i o n 1 % s t a r ch , p r e p a r e d w i t h 1 ml ace t a t e b u f f e r con ta in ing 20 /iM CaCl2 ( p H 4.8), 
was a d d e d t o 1 ml of t h e i n c u b a t i o n solut ion. I t was i n c u b a t e d a t 40°C for 10 m i n u t e s , t h e n 
1 ml was r e m o v e d and a 0.0003 N K I - I 2 so lu t ion, p r e p a r e d w i th 10 m l 0.03 N hyd roch lo r i c 
acid, was a d d e d t o i t . The op t ica l d e n s i t y of t h e m i x t u r e was m e a s u r e d a t 580 nm. The a m o u n t 
of a - a m y l a s e w a s calcula ted w i t h t h e f o r m u l a given b y JONES —WARNER (1967). As a c o n t r o l , 
a developed a n d t es ted silica gel l a y e r con ta in ing no p l a n t e x t r a c t s w a s u sed . 
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Results 
1. Quantitative changes in the endogenous free gibberellin-like 
substances during stratification 
In t h e course of seed m a t u r a t i o n a t r a n s f o r m a t i o n of f ree gihberell ins 
in to inact ive , b o u n d fo rms can be observed . According to S E M B D N E R et al. 
( 1 9 6 8 ) , in t h e m a t u r e seeds of Phaseolus coccineus only h o u n d gibberellins can 
be found . A t t e m p t s to de tec t gibberellin a c t i v i t y in d o r m a n t seeds of Fraxinus 
excelsior ( K E N T Z E R 1 9 6 6 , S Z A L A I — N A G Y 1 9 6 8 ) and Corylus avellana ( F R A N K -
L A N D — W A R E I N G 1 9 6 6 ) also fa i led. 
On t h e o the r h a n d , gibberell in a c t i v i t y could be de tec t ed in d o r m a n t 
seeds of Fagus sylvatica ( F R A N K L A N D — W A R E I N G 1 9 6 6 ) , Acer platanoides 
( T O M A S E W S K A 1 9 7 6 ) and apple ( S I N S K A — L E W A K 1 9 7 0 ) . On t h e basis of these 
con t rad ic to ry d a t a it is d i f f icul t t o decide w h e t h e r the a p p e a r a n c e of t h e f ree 
gibberellins is t h e decisive m o m e n t u m in t h e t e rmina t ion of d o r m a n c y . 
Q u a n t i t a t i v e changes in t h e endogenous f ree gibberell in-like subs tances 
of T. platyphyllos seeds du r ing s t r a t i f i ca t ion are shown in Fig . 1 (A and B). 
Since t h e gibberellins show di f ferent biological ac t iv i t ies in the d i f fe ren t 
t e s t s (REEVE 1974) two k inds of biological t e s t s were used to s t u d y the change 
in t h e endogenous gibberellin con ten t ( le t tuce hypocoty l and bar ley endo-
sperm) . The ba r l ey endosperm is responsive to lower gibberellin concen t ra t ions 
t h a n the l e t t uce hypocoty l , and is no t inh ib i t ed by solvent residues which 
migh t he con ta ined in the e x t r a c t ; t he l e t tuce hypoco ty l t e s t , on the o the r 
h a n d , reacts t o a wider r ange of gibberell ins ( J O N E S - — W A R N E R 1 9 6 7 ) . 
As shown b y the f igures , in t h e d o r m a n t , non-s t ra t i f i ed T. platyphyllos 
seeds free gibberell in-l ike subs tances occur in demons t rab le quant i t i es . T h e 
l e t tuce hypoco ty l t es t (A) d isp layed t h e presence of six k inds of f ree gibberellin-
like subs tances ; four of t h e m showed s igni f icant q u a n t i t a t i v e changes du r ing 
t h e s t r a t i f i ca t ion . A sudden q u a n t i t a t i v e increase can he observed f r o m t h e 
s i x th week of s t r a t i f i ca t ion . 
Similar resu l t s were a r r ived at wi th examina t ions m a d e wi th the ba r l ey 
endosperm tes t (B), except t h a t in th is case t h e presence of a gibberell in-like 
subs tance in t h e Rf 0 . 5 — 0 . 6 posi t ion could no t be de tec ted . 
2. Quantitative changes in gibberellin conjugates 
in the butanol soluble fraction during stratification 
According to the l i t e ra ry d a t a t h e gibberell in con juga te s (gibberellins 
b o u n d to smaller molecules) show no biological ac t iv i ty in dwar f p lan t t e s t s 
( K A T S U M I 1 9 7 1 , 1 9 7 3 ) . Howeve r , in the biological tes ts used in the p resen t 
work the b u t a n o l soluble f r ac t ion displayed considerable biological ac t iv i ty . 
1 * Acta Agronomica Academiae Scientiarum Hungaricae 29, 1980 
4 M. N A G Y 
Fig. 1. Q u a n t i t a t i v e changes in t he endogenous f ree gibberellin-like substances of Tilia plaly-
phyllos seeds dur ing s t ra t i f i ca t ion , re la ted to 1000 seeds and measu red by let tuce hypoco ty l 
( top) and bar ley endospe rm (bo t tom) tes t s 
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T h e observed biological a c t i v i t y m a y be due to gibberell ins released b y non-
specific glucosidases which do no t no rma l ly es tabl ish con t ac t w i th t h e endo-
genous gibberell in con juga tes ( R E E V E 1974, S E M B D N E R et al. 1976). 
Q u a n t i t a t i v e changes in t h e gibberell in-l ike subs tances con ta ined in t h e 
b u t a n o l soluble f rac t ion a re shown in Fig. 2 (A and B). Accord ing to t h e resul ts 
of bo th tes ts , u p to the 9 t h week of s t r a t i f i c a t i on a r educ t ion in t h e q u a n t i t y 
of gibberellin con juga tes can be observed. T h e m o s t i m p o r t a n t change usua l ly 
occurs be tween t h e 6 th a n d 9 t h weeks. A f t e r t h e 9 th week t h e q u a n t i t y of 
gibberellin-like subs tances shows a s l ight increase . 
The f ree gibberell in-l ike subs tances were released f r o m t h e con juga tes 
con ta ined in t h e bu t ano l soluble f r ac t ion by hydro lys i s ; no d i f ference was f o u n d , 
however , be tween t h e resu l t s ob ta ined w i th t h e two types of hydrolys is . T h e 
resu l t s of biological t es t ing a f t e r t h e acid hydrolys is are r ep resen ted in Fig. 3 
(A and B). As seen f r o m t h e f igure , t h e q u a n t i t a t i v e changes in bo th t e s t s 
were similar in t endency to t h e resul ts of t e s t i ng before hydro lys is , b u t t h e 
biological ac t iv i ty was lower in each case. On compar ing t h e gibberell in glucosyl 
es ters and t h e f ree acids fo r biological ac t iv i ty , H I R A G A et al. (1974) also f o u n d 
t h e ac t iv i ty of t h e con juga tes t o be higher t h a n t h a t of t h e f ree acids. 
The f ac t t h a t the gibberell in-l ike subs tances ob ta ined a f t e r t h e hydrolysis 
of t h e bu tano l soluble f r ac t i on and t h e gibberell in-l ike subs tances of the e thy l 
a c e t a t e f r ac t ion have t h e s a m e Rf-va lues ind ica tes a genetic re la t ion be tween 
t h e gibberellin con juga tes a n d t h e f ree gibberel l ins. 
3. Quantitative changes in the macromolecule-bound gibberellins contained 
in the TCA-insoluble fraction during stratification 
The exis tence of p ro t e in -bound gibberell ins is supposed b y a n u m b e r of 
a u t h o r s ( M C C O M B 1 9 6 1 , H A Y A S H I — R A P P A P O R T 1 9 6 2 , R E I N H A R D — S A C H E R 
1 9 6 7 , J O N E S 1 9 6 4 , 1 9 6 8 , G I N S B U R G — K E N D E 1 9 6 8 ) ; never the less , the i r occur-
r ence is still d e b a t e d . According to L A N G ( 1 9 7 0 ) t h e a s sumpt ion of gibberell ins 
b o u n d to p ro te ins is not p r o p e r l y g rounded as ye t . A S A K A W A et al. ( 1 9 7 4 ) h a v e 
also arr ived a t t h e conclusion t h a t in vivo t h e gibberell in does no t become 
b o u n d to p ro te in f rac t ions . S T O D D A R T et al. ( 1 9 7 4 ) , on t h e o the r h a n d , de tec ted 
t h e presence of GAj-pro te in complexes in dwar f pea homogeniza tes , while 
K N Ö F E L et al. ( 1 9 7 5 ) and K O N J E V I C et al. ( 1 9 7 6 ) f o u n d gibberell ins to be bound 
t o prote ins in vitro. 
The n a t u r e of gibberel l in-protein complexes is no t k n o w n . According t o 
J O N E S (1968) u n d e r t h e in f luence of t h e organic solvents used in t h e process of 
ex t r ac t i on these complexes p rec ip i t a t e , the re fo re t h e a m o u n t of gibberellin 
b o u n d to macromolecules can be de te rmined b y t h e aid of t h e t issues r emain -
ing a f t e r the so lvent residues h a v e been e v a p o r a t e d . 
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Fig. 2. Quan t i t a t ive changes in the gibberell in conjuga tes con ta ined in the b u t a n o l soluble 
f r ac t ion dur ing the s t r a t i f i ca t ion of Tilia platyphyllos seeds, r e l a t ed t o 1000 seeds and measured 
by le t tuce hypoco ty l ( top) a n d bar ley endosperm (bo t tom) tes t s 
Acta Agronomicc Academiae Scientiarum Hungaricae 29, 1980 




Fig. 3. Biological ac t iv i ty in t he bu tano l soluble f r ac t ion a f t e r acid hydrolys is , re la ted t o 
1000 seeds a n d measured b y le t tuce h y p o c o t y l ( top) a n d bar ley endospe rm (bo t tom) t e s t s 
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Fig. 4. Quan t i t a t i ve c h a n g e s in the macromolecu le -bound gibberellins found in t he TCA-
insoluble f rac t ion dur ing t h e s t ra t i f ica t ion of Tilia platyphyllos seeds, re la ted to 1000 seeds 
a n d measured b y l e t t u c e hypocoty l ( top ) and bar ley endospe rm (bo t tom) tes t s 
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date of testing 
Fig. 5. E f f e c t of CCC t r e a t m e n t on t h e g e r m i n a t i o n of Tilia platyphyllos seeds . The seeds 
w e r e s t r a t i f i ed fo r 3 m o n t h s , t h e n k e p t a t r o o m t e m p e r a t u r e 
The biological ac t iv i ty observed af te r the alkal ine hydrolysis of the TCA-
insoluble f rac t ion , followed, in t he case of acidic p H , by ext rac t ion wi th ethyl 
ace ta te , is seen in Fig. 4 (A and B). In the TCA-insoluble f rac t ion bo th tests 
revealed three low act iv i ty gibberellin-like substances of which only t h a t a t 
Rf 0.9—0.9 showed any considerable quan t i t a t ive change during s t ra t i f ica t ion . 
4. Effect of CCC and ABA treatments on seed germination 
In order to decide whether t he increase in t he endogenous f ree gibberellin 
con ten t observed dur ing t he s t ra t i f ica t ion of Tilia platyphyllos seeds was a de 
novo synthesis or t he result of release f rom the b o u n d forms t he seeds were 
k e p t af ter scarif icat ion in Pe t r i dishes between f i l te r papers we t t ed with 1000 
p p m CCC or 500 p p m ABA solution, in a ref r igera tor for 3 mon ths , then a t 
room tempera tu re to induce germinat ion. 
CCC, which is of ten used to inhibi t gibberellin biosynthesis in bo th lower 
a n d higher p lan ts ( H A R A D A — L A N G 1965, J O N E S — P H I L L I P S 1966), blocks t he 
cyclization process of t he geranyl-geranyl py rophospha te . 
ABA, on t h e other hand , has been shown ( N A D E A U et al. 1972, M U S G R A V E 
et al. 1972) to p romote t he t r ans fo rma t ion of free gibberellins in to gibberellin 
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con juga t e s and t h e r e b y to p romote t h e onset of d o r m a n c y . P r e s u m a b l y it 
h inders t h e opposite process — the re lease f rom b o u n d gibberellins — which is 
also connec ted with i t s role in m a i n t a i n i n g the s t a t e of d o r m a n c y . 
O u r results are shown in Fig. 5. According to our inves t iga t ion the CCC 
t r e a t m e n t does not i n h i b i t ge rmina t ion , which m e a n s t h a t the increase in the 
endogenous free gibberel l in con ten t d u r i n g s t r a t i f i ca t ion is p r o b a b l y due to a 
release f r o m the b o u n d forms. H o w e v e r , since t h e CCC t r e a t m e n t delays 
ge rmina t ion compared to the cont ro l , i t is possible t h a t a small e x t e n t of de 
novo syn thes i s is also p resen t , on w h i c h the r a p i d i t y of ge rmina t ion depends . 
W h e n the seeds were t rea ted w i t h ABA no germina t ion was observed. 
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FITTING AND GENETIC ANALYSIS 
OF GROWTH CURVES FOR YOUNG BULLS 
B y 
L . T E L E G D I , B . B . A N D E R S E N , I . T H Y S E N 
C O M P U T E R A N D AUTOMATION I N S T I T U T E OF T H E H U N G A R I A N ACADEMY O F SCIENCES, B U D A P E S T ; 
N A T I O N A L I N S T I T U T E OF ANIMAL SCIENCE, C O P E N H A G E N 
I n order t o ana lyse t h e beef p r o d u c t i o n of young bul l s , t h e au thors c o n s i d e r e d 
t h e possibi l i t ies of desc r ib ing t h e course of t h e weight g r o w t h fo r indiv idual ly t e s t e d 
an ima l s . O n t h e basis of t h e g r o w t h f u n c t i o n s ob ta ined , ana ly s i s of the overal l p h e n o -
t y p i c a l s t a n d a r d d e v i a t i o n a n d t h e w i t h i n - b r e e d coefficient of he r i t ab i l i t y of t h e f u n c -
t i on p a r a m e t e r s and t h e i r r e l a t ionsh ip to r a t e of g rowth , feed u t i l i z a t i on , r a t e of m a t u r -
ing a n d m a t u r e size were p e r f o r m e d . T h e r e s u l t s of these a n a l y s i s are g iven i n six 
t ab l e s . I n Tables 1 a n d 2 one can read t h e average , the s t a n d a r d devia t ion a n d t h e 
coef f ic ien t of he r i t ab i l i ty , in Tab le s 3 and 4 t h e effect of b reed o n these fac tors , a n d in 
T a b l e s 5 a n d 6 the p h e n o t y p i c a l and gene t ic correlat ions b e t w e e n t h e m and t h e p ro -
d u c t i o n t r a i t s . Several we igh t / age func t i ons h a v e been sugges t ed fo r charac te r i z ing t h e 
g r o w t h of var ious species. T h e au tho r s chose t h e simple logist ic f u n c t i o n and one of i t s 
genera l iza t ions . These were f i t t e d b y m e a n s of t h e least s q u a r e s m e t h o d as d e s c r i b e d 
b y HARTLEY (1961). Th i s i t e r a t i v e p rocedure converged r a p i d l y fo r b o t h f u n c t i o n s , a n d 
t h e genera l ized f u n c t i o n in p a r t i c u l a r gave a v e r y accura te d e s c r i p t i o n of t h e g r o w t h . 
T h e a u t h o r s suggest t h a t e a c h bul l migh t h a v e t h r e e specific v a l u e s of age, Dt, I, a n d i2, 
w i t h t h e fol lowing p rope r t i e s : Dt is the age a t t h e inf lec t ion p o i n t ; t, = 2 • Dt < (,; 
in [0, «,] t h e weight g r o w t h is descr ibed m o s t ex tens ive ly b y t h e s imple logistic f u n c t i o n , 
in [0, i2] b y t h e general ized one , and a f t e r i2 b y t h e negat ive e x p o n e n t i a l f u n c t i o n . T h e 
t e c h n i q u e used provides a n ef fec t ive m e t h o d of describing i n d i v i d u a l growth p a t t e r n s , 
wh ich are ve ry useful f o r s i m u l a t i n g s tud ie s of t h e o p t i m u m s l a u g h t e r weight of dif-
f e r e n t b r e e d groups , e tc . O n t h e o ther h a n d , as t h e p a r a m e t e r s of the gene ra l i zed 
logis t ic f u n c t i o n are only d e t e r m i n e d to a s l igh t ex ten t gene t i ca l ly and are c o r r e l a t e d 
t o t h e m o s t i m p o r t a n t p r o d u c t i o n t ra i t s i t is n o t really w o r t h - w h i l e including t h e s e 
p a r a m e t e r s in a p e r f o r m a n c e t e s t selection. 
Introduction 
In agr icu l ture a f r e q u e n t t ype of ques t ion d e m a n d i n g m a t h e m a t i c a l 
analysis is how to describe t h e deve lopment in t ime of u t i l i t y t r a i t s of d o m e s t i c 
animals . Character is t ic t a sk s re la ted to th i s a re inves t iga t ions in to the gene t i c 
d e t e r m i n a t i o n of the p a r a m e t e r s of this deve lopmen t and t h e qual i f ica t ion of 
indiv iduals on t h e occasion of pe r fo rmance t e s t selection. A theoret ical m e t h o d 
for the descr ip t ion in t ime which will also b e useful in p r a c t i c e has still t o b e 
developed. To th is end a t t e n t i o n mus t he pa id to the n u m b e r , t i m e and a c c u r a c y 
of meas u re me n t s , as well as t o knowledge concerning h e r e d i t a r y and env i ron -
men ta l f e a tu r e s and the m o s t i m p o r t a n t q u a n t i t a t i v e empi r i ca l charac ter i s t ics 
of the u t i l i ty t r a i t under considera t ion. The pu rpose of t h e descript ion imposes 
f u r t h e r cons t r a in t s on t h e set of models a n d calculat ions. T h e val idi ty of t h e 
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descript ion p r e p a r e d on t h e s e principles c a n be ver i f ied b y compar ing t h e 
exper imenta l d a t a and/or t h e mos t i m p o r t a n t charac ter i s t ics of the u t i l i t y 
t r a i t computed on the basis of the da ta w i t h their e s t i m a t e s given b y t h e 
descript ion. 
In order t o analyse t h e beef p roduc t ion of young bu l l s , an examina t ion 
h a s been m a d e of how the l ive weight of ind iv idua l ly t es ted animals changes as 
a funct ion of age . The f u n c t i o n s obtained in t h i s way descr ibed m a t h e m a t i c a l l y 
t h e weight g r o w t h of the bu l l s f rom the f i r s t weighing u n t i l s laughter . T h e 
genet ic v a r i a t i o n of these f u n c t i o n s and t h e re la t ionship be tween t h e m a n d 
o t h e r , economical ly i m p o r t a n t beef p roduc t i on t rai ts h a s been inves t iga ted . 
O u r inves t iga t ions centred a r o u n d the fo l lowing four ques t i ons : 
1) By w h a t kinds of m a t h e m a t i c a l m e t h o d s can t h e g rowth func t ions be 
d e t e r m i n e d ? 
2) W h a t a r e the growth func t ions like a n d what p a r a m e t e r s do they h a v e ? 
3) W h a t is the genetic var ia t ion a n d her i tab i l i ty of these p a r a m e t e r s ? 
4) W h a t connections d o t h e p a r a m e t e r s have w i t h cer ta in i m p o r t a n t 
charac ter i s t ics of bee f product ion ? 
T h e first two quest ions be ing in close connec t ion , they were answered s imul-
taneous ly . T h e o the r two q u e s t i o n s were d e a l t with la te r . 
Mater ia l and Method 
The d a t a u s e d for the ca lcu la t ions were d iv ided into the fol lowing two groups: 
1) Datagroup A: Records of weighing, feed consumpt ion a n d ca rcass composi t ion were 
collected on 1,011 young bulls f r o m t h e progeny t e s t f o r beef p roduc t i on a t the Eg tved b reed-
ing station. T h e s e young bulls w e r e dis t r ibuted in 136 progenv g r o u p s of the breeds D a n i s h 
R e d (RDM). B l a c k Pied Danish ( S D M ) and Dan i sh R e d and Whi t e ( D R K ) . The bul l calves 
were born in t h e m o n t h s of J a n u a r y and Feb rua ry in t he years 1967 t o 1971. When 15 d a y s 
old the test was s t a r t e d in the s t a t i o n and the calves were fed with r e s t r i c t e d amounts of skim-
mi lk and hay a n d as much c o n c e n t r a t e as they cou ld eat . All t h e f e e d was weighed o u t to 
e a c h animal ind iv idua l ly . The bu l l s were weighed a t t he beginning of t h e test , at t h e age of 
42 days and t h e n a t 28 days i n t e r v a l s , until s l augh te r a t a cons tan t weight of 450 kg . (For 
f u r t h e r details, see ANDERSEN 1977.) 
2) Datagroup B: Records of weighing, feed consumpt ion a n d carcass composit ion were 
collected for y o u n g bulls f rom a beef X dairy crossbreeding expe r imen t in which sires of t h e 
breeds S i m m e n t a l (SIM), Charola is (CHAR), D a n i s h Red and W h i t e (DRK) , R o m a g n o l a 
(ROM), Chianina (CHI) , Here fo rd ( H E R ) . Blonde d 'Aqui ta ine ( B D A ) and Limousin (L IM) 
were crossed w i t h Red Danish a n d Black Pied D a n i s h cows. The bul l calves were bo rn in the. 
m o n t h s of Oc tobe r , November a n d December in 1972, 1973 and 1974, a n d when they r eached 
t h e age of 15 t o 25 days the tes t w a s s ta r ted at the E g t v e d breeding s t a t i o n . The feeding reg ime 
consisted of sk im-mi lk and hay accord ing to age a n d as much c o n c e n t r a t e as they could ea t . 
All the feed w a s weighed out t o e a c h animal ind iv idua l ly . The bulls were weighed on ar r iva l 
a t the stat ion, a t t h e age of 28 a n d 42 days and t h e n a t 28 days in te rva l s . The calves were 
divided into t w o groups and s l a u g h t e r e d at a c o n s t a n t age of 12 a n d 15 months , respect ive ly . 
Detai ls of the expe r imen ta l design a r e given by ANDERSEN et al. (1976) a n d LIBORIUSSEN (1977). 
In b o t h da t ag roups the f e e d in take was ind iv idua l ly cont ro l led . After s laughter t h e 
carcasses were dissected by the M e a t Research I n s t i t u t e in Roskilde. 
A c o m m o n method sui table for curve f i t t i ng is the least s q u a r e s me thod . If one w a n t s 
t o f i t a f unc t i on t o the expe r imen ta l da ta of a u t i l i t y t ra i t w i thou t h a v i n g da ta t h r o u g h o u t 
t h e whole per iod where this u t i l i t y t r a i t can sys temat ica l ly change (as in our case), t h e r e is 
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a lways a r isk t h a t t h e ex t r apo la t ed va lues of t he func t i on ob ta ined b y means of t he least 
squares f i t t i ng do no t cor respond to t h e real deve lopment of t he an imal unde r considerat ion. 
I n th i s case, if one needs such ex t r apo la t ed values, t he t a sk of cu rve f i t t i ng can be solved by 
m e a n s of the so-called genera l loss func t i on , i.e. by minimizing a weighted q u a d r a t i c average 
of devia t ions of the m o s t i m p o r t a n t character is t ics of t h e u t i l i ty t r a i t computed on t he basis 
of t h e d a t a f r o m thei r e s t ima tes der ived f r o m the curve (see FISCHER et al. 1974). 
I n our case, t h e weight g rowth of t he individual bulls was ma thema t i ca l l y described by 
t h e s imple logistic f u n c t i o n 
У = ТТЪ^сГ ( ! ) 
and i ts modif icat ion 
y =
 T + I F * — d ' <2> 
where у is t he weight in kg a t the age of t days. The es t ima ted va lues of the b i r t h weight and 
t h e m a t u r e weight g iven b y t he least squares func t ions of these f o r m s were too small . There 
is a reason for the f i r s t b ias here which means it canno t he e l imina ted b y other m e t h o d s either 
( the deve lopment of t h e an imals slows down on ar r ival a t the tes t s ta t ion) . On t h e o ther hand , 
t he bul ls in quest ion were s laughtered before reaching their f ina l weight and the pe r fo rmance 
tes t s , t he tes ts for b reed compar ison, etc. are usual ly based on th i s per iod, where t he average 
error of t he least squares func t ions is in mos t cases fa i r ly small. There fo re we f inal ly chose the 
least squares me thod . 
For the s ta t is t ica l analysis t he following produc t ion t r a i t s were calculated f r o m the da t a : 
F i r s t weight (kg): y , 
Age at f i rs t weighing (days): m 
Bir th weight (kg): jq — 0.4 • m 
Fina l weight (kg): F 
Number of days in t e s t : n 
Carcass weight (kg): C W 
Daily gain (g /day) : 1000 • (F — y j / n 
Carcass gain (g /day) : 1000 • (CW — 0.5 • y j / r a 
Dressing pe rcen tage ( % ) : 100 • CW/F 
Tota l feed c o n s u m p t i o n (Scand. f. u.): SFU 
Feed ut i l izat ion (Scand . f. u . /kg gain): SFU/(F — y t ) 
Weight of lean in r i gh t side of t he carcass (kg): LW 
Percentage lean: 100 • LW/(0.S • CW) 
Weight of bone in r igh t side of t he carcass (kg): BW 
Weight of f a t in r i gh t side of t he carcass (kg): FW 
Weigh t of lean in t he pistol (kg): WPL 
Lean/bone ra t io : LW/BW 
Lean/ fa t ra t io : LW/FW 
Pistol lean/ to ta l l ean : WPL/LW 
For the descr ip t ion of the genet ic va r ia t ion and her i tab i l i ty of the g rowth func t ion 
p a r a m e t e r s and their re la t ionship w i t h t he p roduc t ion t ra i t s , t h e following models were used 
for t h e s tat is t ical analysis : 
where 
Yijk = I1 T «; + bj + dk ( d a t a g r o u p B ) , 
Y j j k = g + (ab)i + S j j + eljk ( d a t a g r o u p A ) , 
У = ind iv idua l pe r fo rmance , 
fi = popu la t i on mean , 
a,- = effect of yea r i, 
(ab)/ = effect of yea r • breed i, 
bj = effect of sirebreed j, 
dk = effect of dambreed k, 
Sjj = effect of sire j nes ted wi th in year • breed i, 
e = error t e r m . 
The d i f fe ren t effects are assumed to be independen t , normal ly d i s t r ibu ted r a n d o m variables 
w i t h m e a n zero, and in te rac t ions are pooled wi th the error t e rm , because pre l iminary considera-
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t i o n s showed the i r u n i m p o r t a n c e . O n t h e bas is of t hese models , L S M L M M p r o g r a m m e s (see 
HARVEY 1972) were u s e d . 
T h e c o m p u t e r p r o g r a m m e s were w r i t t e n in F O R T R A N IV a n d deve loped on t h e I B M 
370/165 m a c h i n e of t h e N o r t h e r n E u r o p e Un ive r s i t y C o m p u t i n g Center ( N E U C C ) . 
Results 
T h e most i m p o r t a n t cr i ter ion for judg ing t h e goodness of f i t t i n g a g rowth 
f u n c t i o n to exper imen ta l da t a of a u t i l i ty t r a i t is a compar i son of t h e d a t a 
and /o r t h e most i m p o r t a n t charac te r i s t i cs of t h e t r a i t c o m p u t e d on t h e basis 
of t h e d a t a wi th t he i r es t imates der ived f r o m t h e growth f u n c t i o n an imal b y 
a n i m a l . However , if t he n u m b e r of d a t a of some one an ima l is n, one can 
a lways f i t , for ins t ance , a po lynomia l of degree (n — 1) in such a w a y t h a t 
t h e devia t ions of t h e d a t a f r o m t h e i r es t imates will be zero. On t h e o the r h a n d , 
w h e n doing this for a c o m p a r a t i v e l y homogeneous group of animals , t h e 
s t a n d a r d devia t ion of the coeff ic ients of t h e po lynomia l will be groundlessly 
h igh . Two other f ac to r s mus t also be t aken i n t o considera t ion. These are the 
fo l lowing: 
1) The f o r m of t h e func t ion , and thus t h e growth m e c h a n i s m correspond-
ing t o i t , mus t be reasonable a n d i n t e r p r e t a b l e biologically. 
2) One m u s t be able to f i t t h e func t ion b y means of a p p r o p r i a t e m a t h e m -
a t ica l and c o m p u t a t i o n a l me thods which do no t t a k e too m u c h c o m p u t i n g t ime. 
I n pract ice , several func t ions are used to describe g rowth m a t h e m a t i c a l l y 
(see, for example , B R O D Y 1 9 4 5 , K R E T S C H M A N N — W I N G E R T 1 9 7 1 , M A R U B I N I 
1 9 7 5 ) . I n various species, inc lud ing cat t le , t he increase in weight accelerates 
d u r i n g the period a f t e r b i r th , a f t e r which t h e r a t e of g rowth declines un t i l 
r e a c h i n g the f i na l weight . In such cases t h e weight g rowth is charac ter ized 
v e r y extensively b y logistic, so-called sigmoid func t ions . E I S E N et al. ( 1 9 6 9 ) 
give a general compar ison of t h e simple logistic func t ion w i th o ther , non-
logist ic growth func t ions . The i r resu l t s , o ther repor ts and our p re l iminary 
ca lcu la t ions suggested t h a t a l t h o u g h the conclusions reached b y means of t h e 
d i f f e r e n t func t ions m a y be fa i r ly similar, in our case t h e bes t descr ipt ion is 
g iven b y some k ind of logistic f u n c t i o n . 
One reason fo r applying a general ized logistic func t i on as well is t h e 
f a c t t h a t the e s t ima t ed live we igh t Dy a t m a x i m u m weight g rowth (a t t h e 
in f l ec t ion point) der ived f r o m (1) is exac t ly half the e s t ima ted m a t u r e weight 
y max der ived again f r o m (1), i.e. 
j f
 = Jmax_ 
2 
Thi s is not realist ic fo r the d e v e l o p m e n t of ca t t l e . Therefore we t r ied to char-
ac te r ize t h e growth of the i nd iv idua l animals b y means of (2) as well. As fa r 
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Tab le 1 
Average, standard deviation and coefficient of heritability 
for various growth function parameters (datagroup A) 
Average SD h« ± s.e. 
A3 515.3 37.2 0.16 0.09 
A4 726.8 233.9 0.10 0.08 
B3 10.55 1.13 0 .31 0.10 
B4 5.92 1.83 0.18 0.09 
C3 0.00757 0.00062 0.21 0.09 
C4 0.00743 0.00182 0.18 0.09 
D4 89.0 82.6 0.06 0.08 
D X 3 210.2 18.0 0.24 0.09 
D X 4 223.1 41.2 0.24 0.09 
DY3 257.6 18.6 0.16 0.09 
DY4 274.4 52.6 0.20 0.09 
B W 31.4 5.64 0.60 0.12 
A W 637.8 161.5 0.13 0.08 
Tab le 2 
Average and standard deviation for various parameters 
of growth function (2) ( datagroup В ) 
Average SD 
A 4 631.1 99.6 
B4 11.7 7.2 
C4 0 .0097 0.0025 
D 4 23.6 38.6 
D X 4 231.2 21.0 
D Y 4 291.9 26.9 
B W 39.7 10.5 
A W 607.5 70.1 
as i ts app l ica t ion to t h e l ive weight g r o w t h of lambs , chickens and bul ls is 
concerned, t h e reader is referred to F I S C H E R et al. ( 1 9 7 4 ) , L I L J E D A H L ( 1 9 7 0 , 







~~1 + Ce» ' 
where A = a — d, В = —bd, С = b a n d А = —с. 
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Table 3 
Effect of breed on various growth function parameters 
(datagroup A) 
R D M SDM D R K F-va lue 
A3 514.6 515.7 520.4 0.7 
A4 720.3 733.7 763.0 1.2 
B 3 10.6 10.5 10.5 1.9 
B4 5.99 5.81 5.94 1.7 
C3 0.00751 0.00766 0.00761 7.2 
C4 0.00741 0.00747 0.00722 0.6 
D 4 87.4 91.8 91.7 0.5 
D X 3 212.5 207.1 208.6 12.1 
D X 4 224.7 219.7 230.8 2.6 
D Y 3 257.3 257.9 260.2 0.7 
DY4 272.7 275.0 289.8 2.6 
B W 31.3 31.3 32.2 0.6 
A W 632.8 641.9 671.2 1.7 
By i n t r o d u c i n g d, we o b t a i n t ha t 
2 2 
T h e modi f ica t ion is evident a lso theoret ical ly , because i t m e a n s the combina-
t i o n of the wel l -known g r o w t h mechanisms represented b y t h e negat ive ex-
ponent ia l f u n c t i o n 
У
 = a
 be~~ct (3) 
Table 4 
Effect of sirebreed on various parameters 
SIM CHAR D R K ROM 
A 4 632.0 636.9 694.6 608.2 
B 4 10.8 11.0 8.4 14.7 
C4 0.0096 0.0096 0.0082 0.0103 
D 4 35.6 13.4 43.1 2.3 
D X 4 220.9 231.8 236.2 238.2 
D Y 4 280.3 305.1 304.2 301.8 
B W 36.3 46.3 39.9 46.0 
A W 596.4 623.5 651.5 605.9 
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(for i ts app l ica t ion to ca t t le see, for example , B R O W N et al. 1972) wi th (1), 
since t h e d i f fe ren t ia l equa t ions cor responding to (3) and (1) a re 
- f = K A K 2 - y ) (4) 
dt 
and 
% - = L i y ( L 2 - y ) , (5) 
dt 
where K2, L1 and L2 are c o n s t a n t values and the d i f fe ren t i a l equa t i on 
cor responding to (2) is 
dt 
where t h e expression F(y) is t h e weighted sum of the r ight s ides of (4) and (5). 
The i t e ra t ive p rocedure used a f t e r H A R T L E Y ( 1 9 6 1 ) for f u n c t i o n s ( 1 ) and ( 2 ) 
converged r a p i d l y : t h e f i t t i n g of t h e 1,011 g rowth funct ions (1) in d a t a g r o u p A, 
for ins tance , t ook less t h a n 1.5 minu tes ; t h e f i t t i ng of f u n c t i o n s (2) in d a t a -
group A took a b o u t the same compu t ing t i m e . For the f u n c t i o n s (1) and (2) 
used in d a t a g r o u p A, the average s t anda rd devia t ions b e t w e e n the ca lcu la ted 
and ac tua l weight /age values were 5.9 and 3.5 kg respec t ive ly . This shows 
t h a t t h e two logistic func t ions , especially t h e generalized one , give a v e r y 
accura te descr ip t ion of the we igh t growth of young bulls d u r i n g the per iod 
f r o m which t h e d a t a were ob t a ined . 
In the l i t e r a tu re o ther generalized logistic func t ions c a n also be f o u n d 
(see the above-ment ioned references) . However , at least one of the aforesa id 
problems, n a m e l y , (i) i ts f o r m is too compl ica ted and not reasonab le biologic-
ally, (ii) t h e s t a n d a r d devia t ion of the p a r a m e t e r s is very g r e a t , or (iii) t h e f i t t -
ing of t h e f u n c t i o n takes too m u c h comput ing t ime, arises in each case. 
of growth function (2) ( datagroup В ) 
CHI H E R B D A LIM F-va]ue 
A4 574.5 629.9 616.5 633.8 0.9 
B4 13.9 11.7 18.1 8.9 1.1 
C4 0.0107 0.0099 0.0110 0.0092 0.8 
D4 4.6 28.0 23.9 31.6 1.1 
D X 4 234.8 230.8 221.8 229.9 0.6 
D Y 4 282.7 286.9 284.4 285.2 1.2 
B W 40.7 35.7 39.9 33.9 1.5 
\ W 569.9 601.9 592.6 602.2 0.9 
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Table 5 
Phenotypical and genetic correlations between parameters of growth function (2) and selected production traits (datagroup A) 
B i r t h weight 
Dai ly gain 
Carcass gain 
Dress ing pe rcen tage 
Pe rcen tage lean 
Lean / f a t 
Lean /bone 
Pis to l l ean / to ta l lean 




















- 0 . 5 1 ± 0 . 3 2 
0.11 
- 0 . 1 2 ± 0 . 3 3 
0.06 
0 . 0 0 ± 0 . 3 8 
—0.11 
0 . 2 7 ± 0 . 3 3 
0 . 1 3 
- 0 . 2 9 ± 0 . 3 2 
0.11 
- 0 . 5 6 ± 0 . 3 5 
0 . 0 7 
0 . 2 3 ± 0 . 3 1 
0.01 
- 0 . 3 2 ± 0 . 3 2 
— 0 . 1 8 
0 . 2 4 ± 0 . 3 4 
0 . 0 4 
0 . 4 2 ± 0 . 2 3 
0.11 
0 . 6 0 ± 0 . 2 5 
0.10 
0 . 5 1 ± 0 . 2 8 
—0.01 
- 0 . 3 6 ± 0 . 2 4 
— 0 . 1 6 
0 . 3 0 ± 0 . 2 5 
— 0 . 1 5 
0 . 5 0 ± 0 . 2 4 
—0.10 
- 0 . 1 7 ± 0 . 2 5 
—0.02 
0 . 6 0 ± 0 . 2 5 
— 0 . 2 0 
- 0 . 7 3 ± 0 . 2 9 
0.02 
0 . 5 9 ± 0 . 2 3 
0 . 0 5 
0 . 4 1 ± 0 . 2 6 
0.08 
0 . 2 2 ± 0 . 2 9 
0 . 0 7 
- 0 . 4 6 ± 0 . 2 3 
— 0 . 1 3 
0 . 3 8 ± 0 . 2 4 
—0.10 
0 . 5 9 ± 0 . 2 3 
— 0 . 0 9 
- 0 . 1 4 ± 0 . 2 4 
0.02 
0 . 5 6 ± 0 . 2 5 
— 0 . 0 9 
- 0 . 5 2 ± 0 . 2 6 
0 . 0 3 
- 0 . 4 8 ± 0 . 2 1 
0.06 
- 0 . 1 6 ± 0 . 2 3 
—0.01 
- 0 . 0 2 ± 0 . 2 7 
— 0 . 1 4 
0 . 2 9 ± 0 . 2 2 
—0.02 
-0 .06 ± 0.22 
— 0 . 0 3 
-0 .21 ± 0.22 
—0.01 
0.20 ± 0.22 
—0.06 
-0 .16 ± 0.22 
— 0 . 1 0 
0 . 1 3 ± 0 . 2 3 
0.20 
- 0 . 1 9 ± 0 . 2 2 
0 . 3 1 
0 . 2 3 ± 0 . 2 4 
0 . 2 3 
0 . 3 0 ± 0 . 2 7 
— 0 . 1 7 
0 . 0 6 ± 0 . 2 3 
0 . 0 7 
0 . 0 8 ± 0 . 2 4 
0 . 0 7 
0 . 0 1 ± 0 . 2 3 
— 0 . 0 3 
0 . 1 1 ± 0 . 2 3 
0 . 0 2 
0 . 0 2 ± 0 . 2 4 
— 0 . 3 2 
- 0 . 2 5 ± 0 . 2 7 
0.82 
0 . 9 7 ± 0 . 0 2 
0 . 2 5 
0 . 3 5 ± 0 . 1 6 
0 . 2 3 
0 . 4 1 ± 0 . 1 8 
— 0 . 0 8 
- 0 . 0 9 ± 0 . 1 6 
0 . 0 5 
0 . 3 8 ± 0 . 1 5 
0.12 
0 . 4 8 ± 0 . 1 4 
—0.11 
- 0 . 0 3 ± 0 . 1 6 
0 . 1 9 
0 . 6 1 ± 0 . 1 4 
— 0 . 3 0 
- 0 . 4 3 ± 0 . 1 8 
0.18 
- 0 . 4 8 ± 0 . 2 1 
0.18 
0 . 0 3 ± 0 . 3 0 
0.12 
0 . 1 3 ± 0 . 3 3 
— 0 . 1 3 
0 . 1 9 ± 0 . 2 8 
0.11 
- 0 . 1 4 ± 0 . 2 8 
0.10 
- 0 . 3 3 ± 0 . 2 8 
0 . 0 5 
0 . 1 9 ± 0 . 2 7 
0.02 
- 0 . 1 9 ± 0 . 2 8 
— 0 . 1 7 
0 . 0 4 ± 0 . 2 9 
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I n (2), t h e p a r a m e t e r s m a y be i n t e rp re t ed biologically ( this is the m a i n 
/Ч 
reason w h y we do n o t use L i l j edah l ' s form). L e t y0 and Dt be t h e e s t ima ted 
values of t h e b i r t h weight and t h e age a t t h e inf lec t ion po in t . W e obta in t h a t 
f r o m a m o n g t h e p a r a m e t e r s of (2) 
a = 2(y m a x - Dy), a = 2 _ Dy \ , 
6 = 
Ушах Уо 
( У ш а х - - D y ) - ф у - У ) 
(6) 
The expl ic i t express ion for с is more compl ica ted . In fac t , с is charac te r i s t ic of 
the g rowth r h y t h m . 
On t h e basis of our s tudies of ind iv idua l g rowth curves i t is suggested 
t h a t each bull m i g h t have two specif ic values of age tx < t2 w i t h t h e fol lowing 
p roper t i e s : tx = 2 • Dt (Dt is t h e age a t t h e inf lect ion) ; in t h e age i n t e rva l 
[0, tx] t h e weight g rowth is descr ibed most ex tens ive ly by f u n c t i o n (1), in t h e 
age in t e rva l [0, t2] b y func t ion (2), and a f t e r age t2 by f u n c t i o n (3). For m o s t 
of t h e bul ls in t h e t w o da tagroups t h e values tx, t2 were such t h a t tx -< s laughte r 
age <[ t2. However , several of t h e bul ls in d a t a g r o u p В s laughtered a t 12 m o n t h s 
seem to have a fx va lue greater t h a n 12 m o n t h s . I t was t h e r e f o r e decided t o 
choose b o t h logistic func t ions for f u r t h e r analys is . 
T h e resul ts of t h e analysis of t h e overall pheno typ ica l s t a n d a r d devia t ion 
and t h e w i th in -b reed coefficient of her i t ab i l i ty of the growth f u n c t i o n p a r a m -
eters and the i r re la t ionship to p roduc t ion t r a i t s are presented in Tables 1—6. 
Here we use t h e fol lowing n o t a t i o n s : 
Der ived value of 
F u n c t i o n (1) F u n c t i o n (2) 
a A3 A4 
b B 3 B 4 
с C3 C4 
d — D4 
Dt D X 3 D X 4 
Dy D Y 3 D Y 4 
Уо 
— B W 
Ушах 
— A W 
T h e p a r a m e t e r s of the i nd iv idua l g rowth func t ions (2) general ly show a 
large s t a n d a r d dev ia t ion (Tables 1 and 2). H o w e v e r , this seems to be only t o 
a sl ight e x t e n t genet ical ly d e t e r m i n e d , since a l t h o u g h the age a t t h e po in t of 
inf lec t ion seems t o have an i m p o r t a n t genet ic var ia t ion and t h e ca lcula ted 
b i r t h we igh t is s t rong ly he red i t a ry , t h e o ther coeff icients of he r i t ab i l i ty h a v e 
low va lues . 
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Table 6 
Phenotypical correlations between parameters of growth function (2) 
and selected production traits (datagroup B) 
A4 B4 C4 D X 4 DY4 B W AW 
Birth weight —0.04 0.20 0.19 —0.03 0.41 0.86 0.13 
Daily gain 0.17 —0.02 0.03 0.02 0.54 0.24 0.33 
Percentage lean —0.07 0.09 0.09 —0.18 —0.04 0.11 —0.07 
Lean/fa t —0.14 0.17 0.16 —0.22 —0.12 0.14 —0.14 
Lean/bone 0.24 —0.17 —0.20 —0.02 0.11 —0.13 —0.22 
Pistol l ean / to ta l lean —0.38 0.28 0.31 —0.10 —0.26 0.19 —0.37 
Feed ut i l iza t ion 0.70 —0.65 —0.69 0.28 0.39 —0.38 0.64 
I n Tab les 3 and 4 t h e effect of b r e a d is d e m o n s t r a t e d . Among t h e th ree 
Danish d u a l purpose c a t t l e breeds the SDM has the lowest Dt value a n d tends 
to be t h e earl iest developed breed. In t h e beef X dai ry crossbreeding expe r imen t 
the ca lcu la ted m a t u r e weight is lowest fo r Chianina crosses and h ighes t for 
D R K crosses. 
As d e m o n s t r a t e d in Table 5, t h e p a r a m e t e r A4 t ends to be corre la ted 
negat ive ly to actual b i r t h weight and l ean / fa t r a t io , B4 posi t ively to daily 
gain, carcass gain, l e a n / f a t and pistol l ean / to ta l lean ra t ios and nega t ive ly to 
feed u t i l i za t ion , and C4 posit ively t o ac tua l b i r th weight and t h e previous 
rat ios and negat ive ly t o f eed u t i l i za t ion .The calculated b i r t h weight is pos i t ively 
correla ted, a p a r t f r o m t h e b i r th weight , t o pistol l ean / to t a l lean ra t io , and also, 
not so s t rong ly , to da i ly gain, carcass ga in , pe rcen tage lean and l e a n / f a t ra t io 
and nega t ive ly to feed ut i l iza t ion. 
I n general , however , t he corre la t ions be tween t h e funct ion p a r a m e t e r s 
and the m o s t i m p o r t a n t p roduc t ion t r a i t s are very low. 
F r o m the results ob ta ined it m a y be concluded t h a t the t e c h n i q u e used 
provides an effective m e t h o d of descr ib ing ind iv idua l growth p a t t e r n s , which 
is very use fu l for s imula t ion studies of t h e o p t i m u m slaughter weight of dif-
ferent b reed groups, e tc . However , in p e r f o r m a n c e t e s t s on young bul ls and in 
breed eva lua t ion expe r imen t s it is not possible to p red ic t the m a t u r i n g r a t e and 
the m a t u r e weight of t h e genotype f r o m a 1 to 12 m o n t h s ' test . 
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THE OCCURRENCE OF DIFFERENT TYPES 
OF CALCIUM OXALATE CRYSTALS 
IN ALLIUM СЕРА L. AND ALLIUM FISTULOSUM L. 
AND THEIR IMPORTANCE IN TAXONOMY 
B y 
S . K . SARMA, A . T E R P Ó 
D E P A R T M E N T OF B O T A N Y , U N I V E R S I T Y O F H O R T I C U L T U R E . B U D A P E S T 
T h e ca l c ium o x a l a t e c rys t a l s f o u n d i n t h e d r y scale l e a v e s of Allium сера a n d 
Allium fistulosum r evea l ed s o m e in te res t ing f e a t u r e s . W h e n fo r t h e s t u d y t he d r y sca le 
leaves w e r e d iv ided in to f o u r a r b i t r a r y zones , n a m e l y 1) l o w e r m o s t , 2) lower m i d d l e , 
3) u p p e r m i d d l e a n d 4) u p p e r m o s t , t he m a x i m u m a m o u n t of c r y s t a l s in А. сера sca le 
leaves w a s f o u n d in t h e l o w e r m o s t zone, f o l l o w e d b y t he u p p e r m o s t , t he lower m i d d l e 
and t h e u p p e r midd le zone . T h i s sequence of c r y s t a l d i s t r i bu t ion w a s f o u n d to be s l i g h t l y 
a l te red in A. fistulosum. A t l ea s t s even teen d i f f e r e n t t ypes of c ry s t a l s were f o u n d in 
b o t h species , some of w h i c h w e r e no t r e p o r t e d ear l ie r f r o m t h e s e species. The p a t t e r n 
of d i s t r i b u t i o n of t he c r y s t a l s is also d i f f e r en t in t h e d i f fe ren t zones . For e x a m p l e , t h e y 
are a r r a n g e d in rows in s o m e zones whereas i n o t h e r s t h e y a re s c a t t e r e d . An i n t e r e s t i n g 
m a r k i n g , de sc r ibed he re as t h e " c e n t r a l b o d y " , is f o u n d in m a n y crysta ls of b o t h 
species. T h e i r occur rence is also specific t o a p a r t i c u l a r zone of t h e leaves. T h o u g h 
m a n y d i f f e r e n t t y p e s of c r y s t a l s were f o u n d in b o t h species, on ly a few t y p e s w e r e 
f o u n d t o b e a b u n d a n t , w h i c h m a y again b e spec i f i c to a p a r t i c u l a r zone of t h e l ea f . 
T h e s a m e c r y s t a l t y p e s in А. сера were f o u n d t o b e longer a n d b r o a d e r t h a n t h o s e in 
A. fistulosum. 
Introduction 
Dur ing t h e process of metabol i sm, t h e p l a n t s synthes ise different t y p e s 
of chemical subs tances , n a m e l y alkaloids, f l a v a n o i d s , t e rpeno ids , s tarch g r a i n s , 
raphides , so l i t a ry crystals , e tc . The presence of these subs tances in p a r t i c u l a r 
t ypes of p l an t s is found to h a v e some t a x o n o m i c a l value. M a n y au thors h a v e 
s tudied the t axonomica l i m p o r t a n c e of a lka lo ids , f l avano ids , te rpenoids , e t c . 
In t h e p re sen t s t u d y , some i m p o r t a n t f ea tu re s of t h e calcium o x a l a t e 
crystals found in t h e d ry scale leaves of А. сера and A. fistulosum are desc r ibed 
and their t a x o n o m i c a l i m p o r t a n c e discussed. 
Authors ( H E G N A U E R 1 9 6 3 , D E N F F N E R 1 9 7 1 , F R O H N E — J E N S E N 1 9 7 3 ) 
have s tudied calc ium oxa la t e crystals, w h i c h are widespread in the p l a n t 
k ingdom. T h e crys ta ls arise e i ther as m o n o h y d r a t e s , Ca(C 20 4) • 1 H 2 0 , or 
d ihydra tes , Ca(C 2 0 4 ) • 2 H 2 0 . T h e calcium oxa l a t e m o n o h y d r a t e crysta ls f a l l 
unde r the monocl inic sy s t em of crystal c lass i f icat ion whi le the d i h y d r a t e 
crystals are g rouped under t h e t e t ragona l s y s t e m . J A C C A R D — F R E Y ( 1 9 2 8 ) a n d 
K Ü S T E R ( 1 9 5 6 ) r epor ted t h a t calc ium oxa la te crys ta ls are f o u n d to occur b o t h 
in p e r m a n e n t a n d mer i s t ema t i c tissues and t h e i r s t ruc tu res h a v e t a x o n o m i c a l 
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values m a i n l y a t the level of the genus. According to E S A U ( 1 9 6 5 ) ca lc ium 
oxala te c rys t a l s may be commonly obse rv ed in vacuoles . Others howeve r 
repor ted t h a t crystals are f o r m e d in the c y t o p l a s m ( S C O T T 1 9 4 1 ) . Some o x a l a t e 
crystals ar ise in cells t h a t resemble a d j a c e n t , crystal-free cells. Somet imes t h e y 
are fo rmed in specialised cells, the id iob las t s , which are markedly d i f f e ren t 
f rom other cons t i tuen t s of t h e saine t i ssue in fo rm, s t r uc tu r e , etc. ( E S A U 1 9 6 5 ) . 
Very f ew records h a v e been found of t h e t axonomic significance of the 
crystals f o u n d in plant p a r t s . J A C C A R D — F R E Y ( 1 9 2 8 ) described the ca lc ium 
oxalate c r y s t a l s of some species of the g e n u s Allium, inc luding А. сера and 
A. fistulosum, where t h e y suggested t h a t par t icular t y p e s of c rys ta l s were 
charac ter i s t ic of a species. T h e y also m e n t i o n e d the resul ts of Sachs a n d K l e b s : 
the la t te r a u t h o r s found ca lc ium oxala te c rys ta l s even in two-week-old onion 
seedlings. S C O T T ( 1 9 4 1 ) s t ud ied the ca lc ium oxala te c rys ta l s present in Ricinus 
communis a n d found some re la t ion b e t w e e n the presence of crystals a n d the 
deposit ion of ergastic subs tances . He r e p o r t e d t ha t in p l a n t pa r t s where t h e r e 
is more s t a r c h deposit ion, t h e presence of c rys ta l s in t h a t p a r t is less f r e q u e n t 
or absent a l toge ther . G I B B S ( 1 9 5 8 ) no t e s t h a t the ab i l i ty to store ca lc ium 
oxalate in bund le s , i.e. r aph ides , appears t o be res t r ic ted to certain g r o u p s of 
p lan ts and m a y therefore h a v e some va lue as evidence of re la t ionship . D O R M E R 
( 1 9 6 1 ) has s t ud i ed the c rys ta l s which are t o be found in t h e inner t i s sues of 
the ovary wal l of many Composi tae . I n his opinion t h e y conta in va r i e t i e s of 
crystals, s o m e of which h a v e a restr icted sys t ema t i c d i s t r ibu t ion . In his s t u d y 
of the Cynareae his resul ts suggest t h a t t h e s e characters m a y be of cons ider-
able t a x o n o m i c value. Again in t h e genus Centaurea, D O R M E R ( 1 9 6 2 ) f o u n d t h a t 
pr ismat ic or curvi l inear c rys ta l s t ruc ture c u t s across the convent ional c lassif ica-
t ion of t h e genus, bu t shows quite a close correlat ion wi th pollen t y p e s . 
H E G N A U E R ( 1 9 6 3 ) described t h e p h y t o c h e m i s t r y of about 3 0 0 species of Allium, 
including t h e calcium oxa la te crystals. I n h i s opinion t h e occurrence a n d shape 
of the c rys t a l s of the species of Allium h a v e great t axonomica l value. A L - R A I S 
et al. ( 1 9 7 1 ) r epor ted t h e isolat ion and p rope r t i e s of ca lc ium oxalate c rys t a l s 
f r o m some angiospermous p l an t s . Accord ing to the presence or absence of 
crystals t h e p l an t s examined have b e e n classified i n t o different g roups . 
R A K O V A N et al. ( 1 9 7 3 ) s tud ied the cy tomorphologica l aspec ts of c rys ta l f o r m a -
t ion in t h e ae r ia l root of Monstera deliciosa Liebm. , where t h e y found t h a t the 
process of c ry s t a l fo rmat ion begins in t h e cy top lasm. T h e y have also obse rved 
calcium o x a l a t e crystals in rows be tween t h e membrane pai rs in the g rowing 
idioblasts a n d even in t h e cytoplasm. T E R P Ó — S A R M A ( 1 9 7 7 ) descr ibed the 
calcium o x a l a t e crystals of А . сера and d iscussed their t axonomica l s ignif icance. 
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Materials and Methods 
Crystals h a v e been s tudied f r o m f i f ty cu l t iva r s of А. сера a n d t w o varieties of A.fistu-
losum. In order t o s tudy the c rys ta l s , f ive bulbs were selected f r o m e a c h cultivar or v a r i e t y 
of bo th t he species and one en t i re t h i n dry scale leaf was removed f r o m each bulb. T h e leaves 
were dipped in absolute alcohol a n d kept in it f o r a week. W h e n examin ing the c rys ta l s , 
each leaf was d iv ided into four zones (Fig. 1): 
1) lowermos t zone, 
2) lower middle zone, 
3) u p p e r middle zone, 
4) u p p e r m o s t zone. 
F r o m each of the above zones a small por t ion ( abou t one cm2) w a s c u t out and m o u n t e d 
in 50% glycerine. Since staining was of no not iceable value, no s ta in w a s added. The c r y s t a l s 
were examined u n d e r 1 0 x 8 a n d 1 0 x 4 0 magni f i ca t ions with a l a b o r a t o r y microscope. T h e 
p a t t e r n of d i s t r ibu t ion of the c rys t a l s , i.e. whe the r t h e y are in r o w s or are sca t te red , was 
examined u n d e r 1 0 x 8 magni f i ca t ion for dif ferent zones of the leaves . O t h e r measu remen t s , 
such as counts of crystals per u n i t a rea , a b u n d a n t c rys ta l types, a n d l e n g t h and b r e a d t h of 
t h e crystals, were m a d e under 10 X 40 magnif ica t ion. T h e uni t area used in counting the n u m b e r 
of crystals was t he microscopic f ie ld under 10 X 40 magnif icat ion. T h e abundan t t y p e s of 
crysta ls present in a par t icular zone were noted. Also t h e presence of d i f f e r e n t types of c r y s t a l s 
was noted. Since t he more a b u n d a n t and bigger c rys t a l s were of t y p e s A and D (Fig. 2). t h e 
measu remen t s of l eng th and b r e a d t h were only t a k e n for these two t y p e s of crystals fo r e v e r y 
cul t ivar and v a r i e t y of both the species. This m e a s u r e m e n t was m a d e f r o m the crystals of t he 
lower middle zone of all the leaves . The presence of a "central b o d y " , a marking w h i c h is 
present in m a n y crystals , was also n o t e d . In every case f ive measurement s were taken a n d the i r 
m e a n was ca lcu la ted . 
U. Uppermost zone 
3. Upper middle zone 
2. Lower middle zone 
1, Lowermost zone 
All ium сера 
Fig. 1. Dry scale leaf of Allium сера d i v ided into four a r b i t r a r y zones 
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P B(a) B(b)B(c) R Db) F(a) G(a) 
Fig. 2. D i f f e r e n t types of c r y s t a l s of Allium сера and A. fistulosum (Diagrammat ic ) 
Results 
The avai lable chemical evidence suggest tha t the c rys ta ls found in t h e 
d ry scale leaves of Allium сера and A. fistulosum consist of calcium oxa la te . 
Most of these crystals are so l i t a ry , while t h e y are occasionally found in groups 
and are f o u n d to he p re sen t inside the cells or even sca t t e r ed over t h e cell 
walls. Dur ing t h e study, d i f f e r en t types of crystals were f o u n d , most of which 
were not r epor t ed earlier e i t he r in А. сера or in A. fistulosum. Most of these 
crystals fall i n t o the t e t r a g o n a l system of c rys ta l classif icat ion while a few are 
grouped u n d e r t he monocl inic system a n d t h e regular sys tem. The d i f fe ren t 
types of c rys ta l s found in t h e dry scale leaves of А. сера and A. fistulosum 
were as follows (Fig. 2): 
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I. Tetragonal system 
1. I n b ipyramida l a n d pr ismat ic combina t ions ( t h e pr i smat ic sides are 
r ec t angu la r or square in o u t l i n e ; parallel sides are of e q u a l length) . 
Type A : Long, n a r r o w (elongated), b ipyramida l + pr i smat ic , s ides are 
r ec t angu la r . 
Type В : Long, b r o a d , b ipy ramida l + pr ismat ic , s ides are r ec t angu la r . 
Type C: Thick, sho r t , b ipy ramida l + pr ismat ic , s ides are square . So f a r 
r e p o r t e d only in A. sativum ( J A C C A R D — F R E Y 1928). 
2. In b ipyramida l a n d pr ismat ic combina t ions ( the paral le l sides a re of 
unequal l eng th ) . 
Type D : Long, p r i s m a t i c , with u n e q u a l sides. So f a r reported on ly in 
A. oleraceum ( J A C C A R D — F R E Y 1 9 2 8 ) and in A. sativum ( F R E Y 1 9 2 9 ) . 
Type E: Short , p r i s m a t i c , with u n e q u a l sides. So f a r known only in A. 
oleraceum ( J A C C A R D — F R E Y 1928) and in A. sativum ( F R E Y 1929). 
Type F : Short , t h i c k , i sodiametr ic , w i t h unequal s ides . So far r e p o r t e d 
only in A. oleraceum ( J A C C A R D — F R E Y 1928). 
Type G: Short , t h i c k , i sodiametr ic , pen tagonal . So f a r known on ly in 
A. oleraceum ( J A C C A R D — F R E Y 1 9 2 8 ) . 
3. Open crystals . 
Type H : Pr i smat ic , o p e n type . So f a r repor ted only in A. schoenoprasum 
( J A C C A R D — F R E Y 1 9 2 8 ) . 
4. T w i n crystals . 
Type I : Simple twin c rys ta l . 
Type J : Aggregated ( twin) crysta l . So fa r repor ted on ly in A. sphaero-
cephalum ( J A C C A R D — F R E Y 1 9 2 8 ) . 
5. T r i angu la r c rys ta l . 
Type К : Three sided or t r iangular c rys t a l . Not r e p o r t e d so far in Allium. 
6. Del to id crystal . 
Type L : Deltoid c rys ta l of doub t fu l pos i t ion . So fa r n o t repor ted in Allium. 
7. R h o m b o i d crys ta l . 
Type M : Rhomboid c rys t a l . Not r e p o r t e d so fa r in Allium. 
I I . Regular system 
8. Type N : Cuboid c r y s t a l . 
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I I I . Monoclinic system 
9. Type О: Sphae roc rys ta l . Sphaerocrys ta l s and c r y s t a l s of the m o n o -
clinic sys t em have n o t been repor ted so far in А. сера. 
10. Crys ta ls of d o u b t f u l posi t ion (and sys tem) . 
Type P: Most p robab ly tw in crystals . 
The c rys ta l s in the d r y scale leaves of А. сера and A. fistulosum we re 
f o u n d to be p r e sen t in an o r d e r l y manner f r o m the base t o w a r d s the a p e x of 
t h e leaf. In А . сера the m a x i m u m amoun t of crystals was f o u n d to be p r e s e n t 
in the lowermos t zone, fo l lowed by the u p p e r m o s t , lower middle and u p p e r 
middle zones (Fig . 3). This p a t t e r n of d i s t r ibu t ion was c o n s t a n t in all t h e 
cul t ivars of А. сера. The d i s t r i bu t ion of t h e crystals in d i f f e r e n t zones of t h e 
scale leaves of А. сера was as follows (Fig. 4a ) : 
1) lowermos t zone = 3 9 % , 
2) lower middle zone = 1 9 % , 
3) u p p e r middle zone = 16.5%, 
4) u p p e r m o s t zone == 2 5 . 5 % . 
The s t a t e of d i s t r ibu t ion of the c rys ta l s , i.e. whe the r t h e y occur in rows 
or are s ca t t e r ed , is d i f ferent in the d i f fe rent zones of t h e l eaves . In А. сера in 
t h e lowermost zone they a re a lways sca t t e red and are n e v e r present in l ine or 
in rows. In m o s t of the cu l t i va r s of А. сера examined , t h e c rys ta l s were in l ine 
or in rows in t h e upper m i d d l e zone (Fig. 6) followed b y t h e uppermos t a n d 
t h e lower midd l e zone. In 4 0 % of the cu l t iva r s studied t h e c rys ta l s were in l ine 
in the upper midd le zone. T h i s is followed b y the u p p e r m o s t (34%), and t h e 
lower middle zone (22%) (F ig . 4b). 
The d i s t r ibu t ion of c r y s t a l s in the f o u r different zones of the scale leaves 
of A. fistulosum showed l i t t l e var ia t ion f r o m those of А. сера, and is as fol-
lows (Fig. 5): 
1) lowermost zone = 3 8 % , 
2) lower middle zone = 2 3 % , 
3) u p p e r middle zone = 18.5%, 
4) u p p e r m o s t zone = 2 0 . 5 % . 
In c o n t r a s t to А. сера, A. fistulosum showed crys ta l s in line even in t h e 
lowermost zone (Fig. 7). 
Many crys ta l s of b o t h t h e species possess a charac te r i s t i c marking (Figs 
8. 9 ) . D O R M E R ( 1 9 6 1 ) , w h o found mark ings of this t y p e in the crysta ls of 
Centaurea, called it the " c e n t r a l body" . In the present s t u d y too, where it 
was found in 48 cult ivars of А. сера and in b o t h the var ie t i es of A. fistulosum, 
it was charac te r i s t ic of a p a r t i c u l a r zone of t h e leaf. H e r e t o o these m a r k i n g s 
will be known as the cen t ra l body . In 9 6 % of the cul t ivars of А . сера s t ud i ed , 
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Fig. 3. F r equency d is t r ibu t ion of crystals in d i f fe ren t zones of Allium сера (1 = lowermost 
zone, 2 = lower midd le zone, 3 = u p p e r middle zone, 4 = uppe rmos t zone) 
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Fig. 4. Character is t ic fea tures of Allium сера crystals , a) Frequency d i s t r ibu t ion in the dif-
f e r e n t zones; b) F r e q u e n c y of eu l t iva r s w i t h linearly a r r anged crystals pe r zone; c) F requency 
of eult ivars h a v i n g crystals wi th a "cen t ra l b o d y " 
t he se mark ings were present in t h e u p p e r m o s t zone, while t h e i r occurrence 
g radua l ly decreases towards t h e base of the leaf . Their occur rence in t h e o the r 
t h r e e zones was as follows (Fig . 4c) : 
upper midd le zone (88% of t h e eul t ivars) , 
lower midd le zone (61% of t h e eul t ivars) , 
lowermost zone (15% of t h e eul t ivars) . 
Though all t h e crysta l t y p e s described above are p re sen t in А. сера t o a 
g rea te r or lesser ex ten t , c rys t a l t ypes A, B , D and E are u s u a l l y a b u n d a n t . 
Crys ta l t y p e A is much more p reva l en t in t h e lowermost zone , while t ype D 
is equal ly a b u n d a n t in all t h e d i f f e ren t zones Crystal t ypes В and E , t h o u g h 
p reva len t , are less a b u n d a n t t h a n types A a n d D . In A. fistulosum, c rys ta l 
t y p e s A, D, E and occasionally В are a b u n d a n t . 
The longest crystals f o u n d in А. сера were of types A a n d D. The l eng th 
of crys ta l t y p e A var ied f rom 32.64 ц (cv. Wol ska Huser) t o 73 .1 p (cv. Makói/ 
(111/49/1975), while those of c r y s t a l type D var ied f rom 30.6 /л, (cv. Exce l 
B e r m u d a ) to 55.08 fi, (cv. A r o m a ) . The b r e a d t h of crystal t y p e A varied f r o m 
6.12 Ц (cv. Exce l Be rmuda , W o l s k a Huser) t o 11.22 p (cv. Dichioggia , Filiasi). 
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Fig. 6. Linear arrangement of crystals in Allium сера (upper middle zone) 
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Fig. 5. Frequency distribution of crystals in different zones of Allium сера and A. fistulosum 
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Fig. 7. L inea r a r r angement of crystals in Allium fistulosum ( lowermost zone) 
Fig. 8. Allium сера c r y s t a l s w i t h a " c e n t r a l b o d y ' 
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Fig. 9. Allium fistulosum c rys ta l s w i t h a " c e n t r a l b o d y 
Fig. 10. Sphaerocrystals in the dry scale l eaves of Allium сера 
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T h e b r ead th of c rys ta l t ype D var ied f r o m 7.82 p (cv. S tua r t ) t o 17.34 p 
(cv. Makói / I I I /21/1975) . 
In A. fistulosum, the l eng th of c rys ta l t y p e A var ied f r o m 37.06 p (A. 
fistulosum va r . viviparum) t o 46.24 p (A. fistulosum va r . fistulosum) ; the 
b r e a d t h of this c rys ta l t y p e was 6.12 p in b o t h t h e var iet ies . T h e length of 
c ry s t a l type D showed only sl ight va r i a t ion , be ing 28.56 p and 29.92 p in 
A. fistulosum v a r . fistulosum and A. fistulosum v a r . viviparum, respect ively. 
H o w e v e r the b r e a d t h var ied f r o m 7.14 p (A. fistulosum var . viviparum) to 
9 .18 p (A. fistulosum va r . fistulosum). 
Discussion 
Different t y p e s of calc ium oxa la te c rys ta l s were found in the dry 
scale leaves of А. сера and A. fistulosum. A l though only a few k inds of crystals 
h a v e been recorded for these two species in t h e ava i lab le l i t e ra tu re , o ther dif-
f e r e n t types of c rys ta l s were also f o u n d dur ing t h e present inves t iga t ion . 
The crys ta l s are present in t h e d r y scale leaves of bo th t h e species in an 
o rder ly m a n n e r f r o m the base t o w a r d s the apex . I n А. сера t h e m a x i m u m 
a m o u n t (39%) of crys ta ls was f o u n d in the lowermos t zone, fol lowed by the 
u p p e r m o s t (25 .5%) , t h e lower middle (19%) and t h e u p p e r middle zone (16.5%) 
(F ig . 4a). Bu t in A. fistulosum th is sequence was s l ight ly a l tered, t h e m a x i m u m 
n u m b e r of c rys ta l s being present in t h e lowermost zone (38%), fol lowed by the 
lower middle (23%) , t h e u p p e r m o s t (20.5%) and t h e uppe r midd le zone 
(18 .5%) (Fig. 5). 
The crys ta ls were found to be a r ranged in t h e d i f f e ren t zones of t h e leaves 
in d i f ferent p a t t e r n s . For example , in 4 0 % of t h e cu l t iva r s of А. сера s tudied, 
t h e crystals were in line or in rows in t h e u p p e r midd le zone, fol lowed by the 
u p p e r m o s t (34%) and the lower midd le zone (22%) . I n the lowermos t zone 
t h e y were never p resen t in line or in rows b u t were sca t t e red . B u t in A. fistulo-
sum, t he crys ta ls were occasionally f o u n d to be in l ine even in t h e lowermost 
zone, hu t this p a t t e r n was more f r e q u e n t in t h e lower middle zone. 
An in te res t ing charac ter i s t ic ma rk ing was f o u n d in m a n y c rys ta l s of the 
ma te r i a l s s tud ied . These mark ings a re known here as the " c e n t r a l b o d y " . 
I n А. сера, 9 6 % of t h e cul t ivars exhib i ted these mark ings in the i r uppe rmos t 
zone , followed b y t h e uppe r midd le (88% of t h e cu l t ivars ) , lower midd le (61% 
of t h e cul t ivars) and t h e lowermost zone (15% of the cul t ivars) (Fig. 4c). 
Al though m a n y d i f ferent t y p e s of crystals were found in t h e mater ia ls 
e x a m i n e d (Fig. 2), in А. сера c rys ta ls of the A, B , D and E types were usual ly 
m o r e p reva len t . Crys ta l t y p e A was more p reva l en t in the lowermos t zone, 
whi le t ype D was equal ly a b u n d a n t in all t h e d i f f e ren t zones. In A. fistulosum, 
on t h e other h a n d , crysta ls of t h e A, D and E t y p e s , and occasional ly t ype B, 
were more p r eva l en t . 
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The longest crystals of all t he d i f f e r en t types examined were t y p e s A 
and D. C r y s t a l type A was always longer and nar rower t h a n t y p e D in a n y 
par t icu la r leaf . All t h e d i f f e ren t types of crystals in А. сера were longer and 
broader t h a n those in A. fistulosum. 
In c o n t r a s t to r epo r t s b y J A C C A R D — F R E Y ( 1 9 2 8 ) , who described a few 
par t icu la r t y p e s of crys ta ls to be charac te r i s t i c of a species of Allium, d u r i n g 
the p re sen t s t u d y , d i f fe rent types of c rys t a l s were found in all the cu l t i va r s of 
А. сера a n d also in bo th var ie t ies of A. fistulosum. 
The c rys ta l s exhib i ted a sys t ema t i c d is t r ibut ion in t h e d ry scale leaves 
of the c u l t i v a r s and var ie t ies of А. сера and A. fistulosum. Moreover , t he i r 
charac ter i s t ics were found to be s tab le a n d no t easily changeable . T h o u g h t h e 
basic f e a t u r e s of the c rys ta l s remained t h e same, t h e y exhib i ted ce r t a in dif-
ferences a t t h e species level , i.e. be tween А. сера and A. fistulosum. T h e dif-
ferent cu l t i va r s of А. сера showed di f ferences in: 
a) t h e n u m b e r of c rys ta l s present in t h e di f ferent zones of t h e leaves , 
b) t h e a b u n d a n t t y p e of crystals p re sen t in t h e m , 
c) t h e s t a t e of d i s t r ibu t ion of t h e crys ta ls , and 
d) t h e occurrence of cent ra l bodies . 
Accordingly , crysta l cha rac t e r s may be used as a t a x o n o m i c tool. 
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VARIA 
C H A R A C T E R I Z A T I O N O F N a C I - E X T R A C T E D AND P U R I F I E D MYOSIN 
The au tho r s deal t wi th t h e purif icat ion a n d character is t ics of NaCl-myosin a n d f o u n d 
t h a t NaCl-myosin can be isola ted wi th a much higher phosphorus c o n t e n t t han KCl-myos in . 
The phosphorus con ten t s of NaCl-myosins show considerable va r i a t ion , which can be exp la ined 
by differences in the muscles of the animals ( indiv idual va r ia t ion , perhaps physiological or 
stress effects) . The P con ten t of NaCl-myosin is more sensitive t o s torage and to c h a n g e s in 
the p H or ion milieu t h a n t h e lower and more s table P con ten t of KCl-myosin. The labi le P 
content of NaCl-myosins isola ted wi th a high P con t en t is h a r d l y increased by t h e phos-
phoryla t ion mix tu re , which sugges ts t h a t the NaCl-myosins are comple te ly or nearly s a t u r a t e d 
as regards the i r labile P c o n t e n t . I na smuch as th is conclusion is cor rec t , it confirms t h e effect 
of NaCl wi th respect to labile phospha te p reserva t ion . 
The myos in p r epa ra t i on t echn ique is based on the appl ica t ion of an alkaline chlor ide 
solution of m e d i u m concen t r a t ion which dissociates t he myos in-conta in ing thick f i l a m e n t s and 
produces a myosin ex t r ac t . W h e n the ex t rac t ion t ime is short t he th in f i laments a n d sub-
cellular par t ic les do not dissociate , so they are prac t ica l ly absent f r o m the ex t rac t . 
Owing t o the dissociat ion of the thick f i l amen t s the solution conta ins monomer myos in 
molecules, as well as prote ins , pept ides and non-pro te in mater ia l f r o m the sarcoplasm. In a 
low ionic s t r e n g t h milieu t he myos in forms a f locculent prec ip i ta te , t h u s removing m o s t of the 
dissolved mater ia l s . 
A p a r t f r o m except ional cases 0.3 — 0.6 M KCl is usual ly used to dissociate t h e th ick 
f i laments . EDSALL (1930) c la ims to have in t roduced t he use of KCl in phosphate bu f fe r follow-
ing a proposal by HOWE (1924). The reason for th i s was t h a t w i t h i n the muscle f i b r e s t he 
K + ion h a d the highest concen t ra t ion . Indeed, KCl seems to h a v e been used more a n d more 
of ten since t h e n for t he e x t r a c t i o n of myosin. Since t he ionic s t r e n g t h applied earlier was too 
high (1.3 —1.4 ft) and the t i m e of ex t rac t ion too long, ac tomyos in and large a m o u n t s of 
accompanying prote ins were main ly obta ined. The ex t rac t ion so lu t ions current ly u sed , con-
taining 0.5 — 0.6 M KCl, a n d t h e ex t rac t ion t ime, which is op t ima l ly short , developed only 
gradual ly , a n d these are now appl ied with numerous minor modif ica t ions . 
If hab i t is a decisive f ac to r in myosin p repa ra t ion , the o t h e r alkali chlorides (Li , Na . 
R b and Cs chlorides) could be used on the same g rounds as the m a i n component of t h e e x t r a c t -
ing solution, since N a + ion occurs in the organism in similarly h igh concentra t ions a n d it is a 
well-known fac t t h a t the d i s t r ibu t ion of the two ions differs cons iderably . N a + ion is usual ly 
The following abb reva t i ons are used below: HC, heavy cha in ; LC, light cha in : DTT. 
d i th io thre i to l ; E D T A , e thy lene d ia in inote t raace t ic acid: EGTA, e thylene glycol-bis-(2-ami-
noe thy le the r ) -N,N ' - t e t r aace t i c acid: D T N B . d i th io-b is -n i t robenzoa te ; T R I S . Tr i s - (hydroxy-
me. thyl ) -aminomethane; D E A E . die thyl aminoethyl-cel lulose. 
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f o u n d intercel lu lar ly , while K + ion accumula tes in t raccl lu lar ly . This select ive ion d i s t r ibu t ion 
is character is t ic of t h e muscle f ib res as well (REISER 1936). Therefore i t seems likely t h a t NaCl 
cou ld he used f o r myos in p repa ra t ion j u s t as well, if n o t be t te r , t h a n KCl . 
In early inves t iga t ions NaCl was widely u sed , b u t the concen t r a t ions were too high 
a n d the ion mil ieu a n d p H range were irrealistic. Meanwhi le , it has been appl ied unde r specif ic 
a n d well def ined condi t ions too, fo r example b y CHEESMAN — WHITEHEAD (1969), a n d it is 
somet imes used e v e n now (WEEDS — POPPE 1977), b u t i t s use has not been suff ic ient ly ju s t i f i ed . 
Because of t he u n d e c i d e d effect of NaCl on myosin ex t rac t ion , inves t iga t ions were b e g u n on 
ce r t a in proper t ies of NaCl-myosin. 
The e x p e r i m e n t s were ca r r i ed ou t wi th m y o s i n prepared f r o m t h e m. long, dorsi of 
4 — 6 month old chinchi l las . The e x t r a c t i o n and pu r i f i c a t i on of myosin were described in deta i l 
in a previous p u b l i c a t i o n (FAZEKAS et al. 1979). The on ly modif icat ion wh ich has been m a d e is 
t h e subst i tu t ion of KCl for NaCl in t h e ex t rac t ion so lu t ion . The compos i t ion of the e x t r a c t i o n 
solut ion is: 0.45 M NaCl, 1 mM MgCl2 , 1 mM DTT in 0.1 M sodium p h o s p h a t e buf fe r ( p H 6.8), 
a n d the time of ex t r ac t i on : 10 m i n u t e s . The myos in w a s precipi ta ted w i t h the usual 10 — 14-
f o l d dilution, t h e f locculated m y o s i n was collected in a centr ifuge, dissolved in 2 M NaCl, 
t h e n adjus ted t o t h e f inal concen t r a t i on of 0.5 M NaCl , so t h a t t h e p r o t e i n concen t r a t ion 
r emained at a b o u t 25 — 30 mg/ml. T h e prec ip i ta t ion was t hen repea ted . T h e f u r t h e r pur i f ica-
t i o n of myosin w a s carried out o n Sepharose 4 В a n d DEAE-cel luIose (DE 6 2 ) co lumns, as 
de ta i l ed in the above-ment ioned pub l i ca t ion . 
Inorganic p h o s p h a t e was app l i ed only in t he ex t r ac t i on solut ion. Solut ions con ta in ing 
phospha tes were avo ided . To m a i n t a i n the slightly a lkal ine p H 5 — 8 m M N a H C 0 3 was in-
t r o d u c e d , which k e p t t he pH of t h e p r o t e i n solution in t h e range of 7.6 — 7.8. The crude myos in 
w a s purified b y u l t r acen t r i f uga t i on ( a t 105,000 g for 2 hours) ; some of t h e lipid accumula t ed 
o n t he surface of t h e myosin-conta in ing s u p e r n a t a n t , whereas some d e n a t u r a t e d myos in a n d 
a n y remaining a c t o m y o s i n sed imented a t the b o t t o m of t h e tubes. The u l t r acen t r i fuged myos in 
w a s clear and t r a n s p a r e n t , conta in ing only 2 — 5% non-myos in proteins . 
The P c o n t e n t of the myosin w a s de termined in t h e inorganic res idue decomposed w i t h 
conc . H N O j by t h e m e t h o d of FISKE — SUBBAROW (1925), except t h a t t h e f ina l r educ t ion was 
a r r i v e d at by a d d i n g 1% ascorbic ac id (1 ml for 10 ml f ina l vol.) accord ing to LOWRY et al. 
(1954). The m e t h o d is suitable for t h e de te rmina t ion of 0.05 —1.5 /imol P in samples con ta in ing 
4 —15 mg prote in . 
The R N A c o n t e n t of each m y o s i n prepara t ion was determined w i t h t he orcinol m e t h o d 
o f SCHNEIDER ( 1 9 5 7 ) , a n d t h e r e m a i n i n g n u c l e o t i d e c o n t e n t b y t h e m e t h o d of ASAKURA ( 1 9 6 1 ) . 
T h e HC104 c o n c e n t r a t i o n of the s a m p l e s was a d j u s t e d t o 5 % , and UV abso rp t i on was measu red 
i n t h e s u p e r n a t a n t s a t 259 nm. W h e n , because of t h e presence of some con tamina t ion , t he 
nucleot ide s p e c t r u m was not cha rac te r i s t i c and t h e concent ra t ion could not be correct ly 
ca lcu la ted f rom a b s o r p t i o n , the s a m p l e s were applied t o a D O W E X 1 x 8 (0.5 X6 cm) co lumn 
a n d the total nuc l eo t i de concen t ra t ion was de te rmined f r o m the e lua ted f rac t ions . 
The lipid c o n t e n t was checked in each p r e p a r a t i o n . The samples were ex t rac ted twice 
w i t h a mixture of ch lo ro fo rm-methano l ( 2 : 1 ) and once wi th acetone con ta in ing 4 — 6 % dis-
t i l l ed water. The d r y weight con t en t s of the ex t r ac t s were obtained a t 105°C and measured 
gravimetr ical ly . A f t e r decomposit ion w i t h conc. H N 0 3 t h e inorganic P c o n t e n t was de te rmined . 
F i n a l l y the P c o n t e n t was also d e t e r m i n e d in the l ip id- f ree myosins. 
The C a 2 + - d e p e n d e n t ATP-ase ac t iv i ty was d e t e r m i n e d in 2 ml f i n a l volume for 0.2 — 
0.9 m g myosin, a) a t low ionic s t r e n g t h in the presence of 30 mM NaCl, 10 mM CaCl2, 25 mM 
T R I S - H C 1 (pH 7.4), a n d 1 mM A T P , a n d b) a t h igh ionic s t rength in t h e presence of 0.5 M 
NaCl . Incubat ion w a s s tar ted at 30°C af te r 5 m i n u t e s of pre incubat ion b y adding A T P a n d 
s t o p p e d with 2 ml of 15% TCA a f t e r 3 or 5 minutes of incubat ion . The hydrolys is of A T P was 
de t e rmined by a n a s say of the re leased inorganic p h o s p h a t e in 2 ml of f i l t ra tes . I n order to 
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c o m p a r e t h e ac t iv i ty a doub le con t ro l w a s app l i ed : A T P was o m i t t e d f r o m one, a n d m y o s i n 
f r o m t h e o t h e r i n c u b a t i o n m i x t u r e . 
T h e a c t i n - a c t i v a t e d m y o s i n A T P - a s e w a s d e t e r m i n e d in 2 m l f i n a l v o l u m e in t h e 
p r e s e n c e of 0 . 4 - 1 . 0 m g m y o s i n , 6 m M NaCl , 1.5 m M MgCl2, 25 m M T R I S - H C 1 ( p H 7.8), 
1 m M A T P , a n d v a r y i n g c o n c e n t r a t i o n s of a c t i n (1 — 4 mol per mol m y o s i n ) . I n c u b a t i o n w a s 
s t a r t e d w i t h A T P , a n d t h e inorgan ic P g a i n e d f r o m hydro ly s i s was d e t e r m i n e d in t h e p r o t e i n -
f r e e s u p e r n a t a n t . T h e a c t i v i t y w a s d e f i n e d fo r A T P hyd ro ly s i s in f imol P i • p r o t e i n m g - 1 • 
• m i n - 1 . 
T h e p h o s p h o r y l a t i o n ab i l i ty of m y o s i n w a s d e t e r m i n e d in a t w o - s t a g e i n c u b a t i o n 
s y s t e m c o n t a i n i n g 100 —120 m g m y o s i n . E a c h i n c u b a t i o n m i x t u r e c o n t a i n e d 4 m l (100 — 
120 m g ) m y o s i n , 6 m M MgCl2 , 25 m M KCl , 2 m M K H C 0 3 , 1.5 m M N a H C 0 3 , 20 m M T R I S - H C 1 
( p H 7.6) , 2 — 5 XlO6 M CaCl2 a n d 1.25 m M A T P . F i r s t t h e solu t ion c o n t a i n i n g m y o s i n a n d t h e 
T R I S - H C 1 b u f f e r were i n t r o d u c e d i n t o t h e i n c u b a t i o n t u b e , t h e n t h e o t h e r c o m p o n e n t s in t he 
f o r m of t w o solut ions . S o l u t i o n I w a s M g - A T P : 80 m M MgCl2, 10 m M A T P and 1 m M D T T ; 
s o l u t i o n I I w a s a sa l t so lu t ion c o n t a i n i n g 100 m M KCl , 0.2 mM CaCI2 a n d 5 m M N a H C 0 3 . 
M y o s i n p h o s p h o r y l a t i o n w a s s t a r t e d b y i n t r o d u c i n g a ca l cu la t ed a m o u n t of so lu t i ons I 
a n d I I i n t o t h e t u b e s of p r e i n c u b a t e d m y o s i n . Th is w a s done qu ick ly a n d success ively , b e c a u s e 
t h e p h o s p h o r y l a t i o n of m y o s i n was f o u n d t o be a q u i c k r eac t ion . T h e p h o s p h o r y l a t i o n w a s 
t e r m i n a t e d , a f t e r 30 or 60 seconds of i n c u b a t i o n , b y a d d i n g 5 vol. of icy dist i l led w a t e r . The 
f o r m a t i o n of myos in f l a k e s s t a r t e d a t once ; t h e y were collected b y c e n t r i f u g i n g a t 5000 g for 
5 m i n u t e s . T h e r e m a i n i n g nuc leo t ides a n d ino rgan ic p h o s p h a t e were r e m o v e d w i t h t h e wash -
ing s o l u t i o n (10 m M KCl , 20 m M NaCl , 1 m M MgCl2 , 1 X l O - 5 CaCl2 a n d 8 m M N a H C 0 3 ) . T h e 
p r e c i p i t a t e was f i rs t s u s p e n d e d in a smal l a m o u n t of w a s h i n g so lu t ion , t h e n d i lu ted t o a 10 — 
15-fold v o l u m e , and reco l l ec ted b y c e n t r i f u g i n g . W a s h i n g was r e p e a t e d seve ra l t i m e s u s i n g t he 
s a m e m e t h o d . Af t e r t h e f o u r t h w a s h i n g t h e p h o s p h a t e a n d nuc leo t ide c o n t e n t s were d e t e r m i n e d 
in t h e d r i e d myos in r e s i d u e (ob t a ined a t 105°C). 
W h e n t h e p h o s p h o r y l a t e d m y o s i n w a s d i s soc ia ted a n d s e p a r a t e d i n t o l ight a n d h e a v y 
cha in s a l a rge r q u a n t i t y ( a t l eas t 500 — 800 m g ) of m y o s i n w a s p h o s p h o r y l a t e d . The p h o s p h a t e 
c o n t e n t w a s d e t e r m i n e d in t h e m i x e d L C a n d s e p a r a t e d LC s u b u n i t s a s well as in t h e H C 
f r a c t i o n s , a n d the v a l u e s g iven re fe r t o t h e d r y w e i g h t of 478,000 g m y o s i n . 
T h e a b s o r p t i o n s p e c t r u m of N a C l - m y o s i n is s imi lar t o t h a t of K C l - m y o s i n . T h e con-
c e n t r a t i o n of u l t r a c e n t r i f u g e d m y o s i n c a n b e e s t i m a t e d b y U V a b s o r p t i o n in t he s a m e w a y as 
for K C l - m y o s i n . The e x t i n c t i o n v a l u e f o r 1 m g / m l m y o s i n c o n c e n t r a t i o n a t 280 n m is 0.570 
w h e n t h e i r r e l evan t a b s o r p t i o n m e a s u r e d a t 320 n m , wh ich is u s u a l l y in s ign i f i can t , is sub-
t r a c t e d . T h e p ro te in c o n c e n t r a t i o n w a s m e a s u r e d b y t h e m i c r o b i u r e t m e t h o d (GOA 1963), 
c a l c u l a t e d on t he basis of t h e p r o t e i n n i t r o g e n c o n t e n t of t h e d r y m a t t e r b y K j e l d a h l ' s m e t h o d 
a n d c h e c k e d by d e t e r m i n i n g t h e sal t a n d l ipid c o n t e n t s . The m o l a r e x t i n c t i o n of m y o s i n 
c a l c u l a t e d in th i s w a y w a s e = 2.625 X 105 l i t r e • m o i - 1 • c m - 1 for 478,000 g, t h e s a m e as t h a t 
o b t a i n e d fo r KCl -myos in . 
T h e ca lcu la t ion of t h e p ro t e in c o n c e n t r a t i o n in ge l - f i l t r a ted m y o s i n solu t ions d o e s n o t 
r e q u i r e a n y cor rec t ion . T h e u l t r a c e n t r i f u g e d m y o s i n c o n t a i n s 0.05 — 0 . 1 % R N A a n d 2 — 6 % 
o t h e r n o n - m y o s i n p r o t e i n s . 
O n p r epa r ing l ip id - f ree myos in s 0.5 — 0 . 9 % d r y r e s idues are f o u n d in t h e o rgan ic e x t r a c t , 
of w h i c h 1.9 — 2.3 mol p r o v e d t o be p h o s p h o l i p i d s acco rd ing to t he P d e t e r m i n a t i o n . 
T h e specific a c t i v i t y of C a - a c t i v a t e d N a C l - m y o s i n ATP-ase is 0 .202 / imol P i • m i n - 1 • 
• m g - 1 in t h e presence of 0.5 M NaCl a n d 50 m M T R I S - H C 1 bu f f e r ( p H 7.6), a n d 0.38 ,iimol Pi 
in t h e p r e s e n c e of 30 m M NaCl , whi le t h e a c t i n - a c t i v a t e d myos in A T P - a s e specif ic a c t i v i t y is 
0 .523 / imo l • m i n - 1 • m g - 1 w i t h a m y o s i n : a c t i n r a t io of 1 : 4. 
N u m e r o u s p r o p e r t i e s of N a C l - m y o s i n do n o t d i f f e r f r o m those of K C l - m y o s i n . N o dis-
t inc t d i f f e r e n c e s were f o u n d w h e n e x a m i n i n g s u p c r p r e c i p i t a t i o n , so lub i l i ty a n d t h e f o r m a t i o n 
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of precipitates. B u t for one p r o p e r t y , the phosphorus content , t h e difference is r emarkab le . 
T h e P content in eve ry one of t h e NaCl p repara t ions was higher t h a n t h a t of KCl-myosin. 
S ince the higher P contents of ear l ier NaCl-myosin p repara t ions (15 — 22 moles P/mole of 
m y o s i n ) could no t be evaluated owing to the wide var ia t ion , an a t t e m p t was made t o follow 
t h e P contents in each phase of pur i f i ca t ion (except ex t rac t I). In one or two cases the P 
c o n t e n t s of myos ins were de te rmined in the dorsal muscles of o the r breeds of r abb i t or hare 
a n d the results were compared. Our f ind ings are summar i sed Table 1. 
Table 1 
"Preparative P content" in ultracentrifuged myosin 
No. 
Mole P/mole of myosin 
(for 478,000 g) 
214 32.53 (26.5--34 .0 )+ 
215 22.3 (19.3--24 .1 ) 
216 15.3 (14.1--16 .4 ) 
217 24.6 (20.5--25.8)* 
218 19.53 (18.2--21.5)** 
234 13.2 (11.6--15.4)** 
232 7.65 (7.1-- 8.5)*** 
227 (control, KCl-myosin) 11.9 (11.4--12 .7) 
+ Hare myos in 
* This myos in was prepared f r o m the back muscles of three r abb i t s f rom the same l i t ter . 
** NaCl-myosin and 
*** KCl-myosin from the back muscle of a "Vienna blue" rabb i t . 
The dorsal muscle of chinchi l la contains 76 — 90 /ímole P/g of fresh muscle which 
g radua l ly decreases t o an average of 25 /tmol P/g, i.e. to the p repa ra t ive P content shown in 
mol /mol values in t h e table. Gel f i l t r a t i o n in a m e d i u m containing 0.5 M NaCl, 8 mM K H C 0 3 , 
1 m M MgCh and 2 • 105 M CaCl, h a r d l y reduces the p repara t ive P c o n t e n t at all. I t was con-
c l u d e d from the r e su l t s t ha t NaCl p r o m o t e s the p rese rva t ion of labile phospha te in the myosin , 
w i t h the result t h a t f luc tua t ions in t h e P content of myos in p repa ra t ions f rom var ious an imals 
b e c o m e more conspicuous . 
In our e x p e r i m e n t s a good dea l of in format ion is available t o show t h a t the presence of 
K C l is required for t he phosphory la t ion of NaCl-myosin. So the composi t ion of the phospho-
r y l a t i o n mix ture is t h e reverse of t h a t required for KCl-myosin. However , it was surpr is ing 
t h a t the P con t en t of myosins w i t h a high P c o n t e n t is hard ly increased by phosphoryla-
t i o n . The omission of KCl or t he subs t i tu t ion of KCl for NaCl. in e i ther the myos in solu-
t i o n or the i n c u b a t i o n mixtures , r e su l t s a reduct ion in the P c o n t e n t . Since the P content 
is de termined f r o m the dry residues of washed myos in samples, t he ques t ion arises whe the r 
t h e reduced a m o u n t of P is due to t h e absence of phosphory la t ion or to the effect of the 
w a s h i n g solution. Tab le 2 offers a f ew examples of th is . 
The da ta a n d other observa t ions equally suggest t h a t nei ther the phosphory la t ion nor 
t h e washing so lu t ion are ideal. I t h a s only proved possible to phosphory la te myosins wi th 
lower P contents , while higher P c o n t e n t s have a lways decreased. F u r t h e r invest igat ions are 
t e i n g made in o r d e r to f ind the o p t i m u m conditions. 
In the course of our inves t iga t ions an in teres t ing problem has been cleared up . SZENT. 
GYÖRGYI'S (1943) exper iments showed the dependence of myosin solubil i ty on ion concent ra -
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t ion a n d p H . With NaCl and KCl concen t ra t ions in the range 50 — 1.5 inM the myos in pre-
c ip i ta tes , bu t at lower concent ra t ions it redissolves. On repeat ing t h e exper iments w i t h gel-
f i l t r a t e d myos in we found t h a t not only t he myosin dialysed f r o m KCl* and NaCl* b u t also 
t h a t d ia lysed against 0.4 mM K H C 0 3 became dissolved, b u t the P c o n t e n t of the myos ins dec-
reased t o 4.45, 4.3 and 4.7 mol, respect ively, wi th the s imul taneous dissociation of a large 
q u a n t i t y of LC. 
If dialysis is carr ied out against a simple buffer- f ree solution of 0.4 mM NaCl or KCl, 
as in Szent-Györgyi ' s original exper imen t , t he P con ten t is reduced to 1.98 mol (on average) 
because of a decrease in t he p H of t he d ia lysa te to 5.3 — 6.0. If t he dialysing solut ion of NaCl 
or KCl conta ins a small q u a n t i t y (100 / imol/ l i t re) of K H C 0 3 or N a H C 0 3 , a larger a m o u n t of P . 
in m o s t cases 7.9 mol P /mol of myosin , will be preserved. Similar resu l t s were ob ta ined in a 
reverse r a t io when a small q u a n t i t y (40 —100 /imol/l i tre) of NaCl or KCl was present in a solu-
t ion of N a H C 0 3 or K H C 0 3 . The resul t s suggest t h a t t he p rese rva t ion of labile P in myosin 
requ i res CI - ion. 
W h e n NaCl-myosin is dissociated t o HC and LC subuni ts a n d f reed f r o m lipids, the 
P c o n t e n t of the HC f rac t ion decreases t o 4 — 5 mol and t h a t of t h e LC f rac t ion to 1.85 mol 
( w i t h o u t separat ion and averaged for 20,000 mol wt) . 
Table 2 
Effect of distilled water, washing solution 
and phosphorylation mixtures on the P content of NaCl-myosin 
(mole P/mole of myosin) 
Phosphoryla ted myosin Washed with 
dist . water, 
control* * * 
(pH 5.9—6.3) 
No. Control* 




214 32.53 21,1 30.5 8.1 + 
215 22.1 20.2 — 1.98 
216 15.3 20.7 16.6 6.1 
217 24.6 23.5 18.0 7.5 
218 19.53 — — 4.1 
234 13.2**** 16.2 12.5 2.65 
4
 Hare myosin has the highest P conten t , being much higher t h a n tha t of chinchilla 
myos in . The phosphorylat ion and P con ten t for KCl- and NaCl-myosin f rom hare muscle will be 
detai led elsewhere. 
* Determined in f resh prepara t ion immediate ly af ter pur i f icat ion. 
** Nucleotide contents were found to be 0.07—0.4 M in perchloric acid superna tan t s . 
*** ATP and buffer were omi t ted f rom the incubation mix tu re and the myosin was 
washed only with distilled water f ive t imes successively. 
**** Vienna blue rabbi t . 
The various LC f rac t ions sepa ra t ed on a DEAE-cel lulose column, show varying 
a m o u n t s of P. The D T N B chain, in pa r t i cu la r , shows vary ing quan t i t i e s of phospha tes . 
By g r a d u a l elution 3 phosphory la t ed fo rms are obta ined . The highest P con ten t in the last 
f r a c t i o n m a y be as high as 5 mol. In m a n y cases increased P con ten t s are also f o u n d in the A2 
* The dialysing solut ion conta ins 0.4 mM KCl or NaCl a n d 100 /imol/li tre TRIS-HC1 
b u f f e r ( p H 7.2). 
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Fig. 1. Separat ion of mixed light c h a i n f ract ions of phosphory l a t ed NaCl-myosin by g rad ien t 
e l u t i o n on a DEAE-cel lu lose co lumn (2.3 X 30 cm). Dissociat ion to h e a v y a n d light chains was 
ach ieved by add ing 1 mM DTT, 1 m M MgCl2, 1 x 10" 6 M CaCl. and NH 4 C1 u p to a concentra-
t i o n of 4.7 M, us ing an e lec t romagnet ic stirrer. The LC f rac t ion was dialysed exhaus t ive ly 
f i v e t imes with a so lu t ion of 0.1 m M D T T , 35 mM NaCl , 5 mM KCl, 5 mM N a H C 0 3 , 1 mM 
MgCl2 and 1 X 10" 5 M CaCl2 and app l i ed t o the column. T h e column was washed before elut ion 
w i t h 250 ml each of 35 mM and 45 m M NaCl, and e lua t ed by growing concent ra t ions of NaCl 
so lu t ion , as shown in the figure. Bes ides the concen t ra t ion indica ted , each elution mix tu re 
c o n t a i n e d 9 mM K H C 0 3 and 0.1 m M DTT. The e lu t ion of the ind iv idua l LC f rac t ions was 
fo l lowed by UV l igh t a t 280 nm. T h e P con ten t was t r a c e d for each f r a c t i o n b y t ak ing 0.1 ml 
a l i quo t s and de t e rmin ing the con t en t w i t h the a m m o n i u m molybda t e m e t h o d a f te r reducing 
t h e f ina l volume to 2 ml . The nuc leo t ide was checked in a pooled and dia lysed f rac t ion wi th a 
280/260 r a t i o of ext inct ion. T h e P contents are m a r k e d wi th Arab ic numerals 
s u b u n i t . Fur ther , t h e more the myos in was washed the lower t he a m o u n t of A2 was found to be. 
T h i s m a y mean t h a t t h e A2 subuni t is less closely associated in the myos in t h a n the A r In t he 
m a j o r i t y of p r epa ra t i ons the P c o n t e n t of other subun i t s was also lower when they derived 
f r o m myosins con ta in ing A2 in r educed quant i t ies . 
In Fig. I the P con ten t s found in t h e LC fract ions of one of the p r epa ra t i ons are indicated 
b y Arabic numerals . 
In our prev ious invest igat ions t h e prepara t ive P con t en t of KCl-myos in was found to 
a v e r a g e 12 mol (FAZEKAS et al. 1978), increasing by 5 — 9 mol u n d e r t h e influence of t h e 
phosphory la t ion . These results are c o n f i r m e d and a u g m e n t e d by our p resen t invest igat ions. 
The p r e p a r a t i v e P content of NaCl-myosin is h igher t h a n t h a t of KCl-myosin. The 
h i g h e r P content of NaCl-myosin va r i e s f r o m prepara t ion t o p repa ra t ion as mos t of it is labile 
p h o s p h a t e . I t is possible t h a t the w ide f luc tua t ion is due to more t h a n one cause. I t m a y 
i n d i c a t e individual va r i a t ion , the a c c u m u l a t i o n of minor p repa ra t ive er rors caused by the ion-
a n d pH-sensi t iveness of t he labile P c o n t e n t , or the ef fec t of percept ible stresses and t e t an ic 
t w i t c h e s observed in animals dur ing exsanguina t ion . I r respec t ive of t b e cause, t he "h igher 
p r e p a r a t i v e P c o n t e n t " of NaCl-myosin does exist, as does the difference perceived be tween 
m y o s i n s isolated w i t h lower and h igher P contents , whe reby t he former can be phosphory la ted 
whi le t he lat ter c a n n o t . The quest ion ar ises whether myos ins obta ined wi th a higher P con ten t 
m i g h t indicate a c e r t a in sa tura t ion for labile phosphates , while the lower P content myosins 
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represent a phospha te def ic iency . The above ques t ions call for f u r t h e r d a t a collection in order 
to be able to clear u p m a n y detai ls . 
I t seems t h a t t h e v a r i a t i o n of the P c o n t e n t in NaCl-myos in cannot be e x p l a i n e d b y 
concomi tan t protein , as t h e q u a n t i t y of t he l a t t e r is no t larger t h a n in KCl-myosin, in f a c t it 
is smaller , if any th ing . 
Myosin and a c t o m y o s i n are the only p ro te ins k n o w n so f a r which b ind N a + , K + , 
and H + , th i s has not been observed wi th o the r pro te ins . The p rese rva t ion of the lab i le P of 
myosin is p resumably c o n n e c t e d with t he ef fec t of t he N a + ion a n d can be expla ined on the 
basis of t h e exper iments of LEWIS — SAROFF (1957), who found all t h r ee ions to be b o u n d to 
the res idues of hist idines in myos in . 
T h e binding of ions is p H dependen t . One of t he two m e t a l ions, the K + ion, shows an 
inf lect ion po in t a t p H 6.5. Myosin has a m u c h g rea te r capac i ty for N a + t han for K + ion and 
at p H 7.7 near ly six t imes as m a n y N a + ions as K + ions are b o u n d . On this basis t h e b i n d i n g 
of labile P seems to r u n pa ra l l e l to the l inkage of N a + ions in myos in . 
All t h e subuni ts of NaCl-myosin, including t h e HC and LC subun i t s , contain p h o s p h a t e . 
As t he p h o s p h a t e r ema ins b o u n d to the subun i t s u n d e r t he cond i t ions of p r e p a r a t i o n , th is 
suggests a covalent l inkage r a t h e r t h a n t he f o r m a t i o n of chelates including me ta l ions . The 
c h r o m a t o g r a m in Fig. 1 shows the separa t ion a n d P con ten t s of t h e LC subuni ts of a myos in 
with a n average P con t en t (18 mol per mol). In high P -con ten t (20 — 32 mol per mol) myos ins 
the P c o n t e n t of the HC m a y reach 8 — 9, and t h a t of the LC s u b u n i t s 2, 2 — 5 a n d 4 — 5 mol 
P con ten t (for Ax , D T N B a n d A2, respectively). 
T h e mot ion of t he labi le phospha tes of myos in is well pe rcep t ib le within t h e s u b u n i t s . 
I t has been found t h a t m i g r a t i o n tends to release t he P or to f o r m ester phospha t e s in the 
subuni ts . T h e " m i g r a t i o n " s tops with the dissociat ion of myosin; a t t he same t ime t h e release 
of P is con t inued at a lower r a t e in the subuni t s . 
I n our experience t h e use of D T N B , E D T A and E G T A should be avoided d u r i n g the 
dissociation of myosin, because the chelate fo rming subs tances a n d t h e D T N B cause a reduc-
tion in t h e subuni ts and in the i r P contents KASMAN — KAKOL (1977) m a d e similar obse rva t ions . 
The N a + ion d e p e n d e n t phosphoryla t ion is also well k n o w n in o ther systems d i sp lay ing 
ATP-ase activit ies, such as in N a + , K+-ATPase (SOMOGYI et al. 1976), k idney N a + , K + -ATP-ase 
(KANIIKE et al. 1976), a n d muscle membranes (REDDY et al. 1976). The protect ive e f f ec t of 
N a + ion on P burs t is also k n o w n (LOWE —SMART 1977). However , when this effect of NaCl is 
compared t o the NaCl-myos in — labile P sys t em i t seems to be n o t a homologous, b u t only an 
analogous phenomenon . 
Summar iz ing , our ear l ier and present inves t iga t ions c o n f i r m t h e exper imenta l resul ts 
a c h i e v e d b y CHEESMAN — WHITEHEAD ( 1 9 6 9 ) , DAVIES ( 1 9 7 1 ) , a n d t h e s t i l l e a r l i e r f i n d i n g s of 
KANAZAWA—TONOMURA (1965), to the ef fec t t h a t t he a m o u n t of labile phosphate va r ies in 
muscles ( a t least in m. long, dorsi studies) showing an increase du r ing re laxat ion and a decrease 
dur ing con t rac t ion . F u r t h e r , t h e present resul ts agree wi th the resu l t s of STRACHER (1965) who 
found t h e par t ic ipa t ion of 8 histidines t o be i m p o r t a n t in t he ca ta ly t i c act ivi ty of myos in . 
The only difference is t h a t t h e la t te r au tho r considered the h is t id ines to be i m p o r t a n t in the 
hydrolysis of ATP, while t h e present au thors feel t h a t the role of h is t id ine is in the phosphory la -
t ion of myos in , in o ther w o r d s in main ta in ing t h e act ive s ta te of t h e muscle. 
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P E A K L E V E L S O F E N D O G E N O U S C Y T O K I N I N S A F T E R D E C A P I T A T I O N 
IN L E A V E S O F L E G U M I N O U S P L A N T S : I N C R E A S E O F P R O T E I N 
A N D C H L O R O P H Y L L C O N T E N T S A N D P H O T O S Y N T H E T I C U C 0 2 F I X A T I O N 
The s t imula t ive effect of synthet ic cytokinin (kinetin) on the growth of p l a n t s was 
d e s c r i b e d b y S C O T T — L I V E R M A N ( 1 9 5 6 ) a n d a g a i n b y K U R A I S H I — O K U M U R A ( 1 9 5 6 ) . I t w a s 
a lmost a decade later t h a t an endogenous " roo t f a c t o r " produced in the roots was d e m o n s t r a t e d 
b y S E T H — W A R E I N G ( 1 9 6 5 ) a n d B U R N E T T et al. ( 1 9 6 5 ) t o h a v e a n i n t e n s i v e s t i m u l a t i o n o n t h e 
g r o w t h of leaves (surface extension, d ry m a t t e r accumula t ion) ; b u t no evidence of endogenous 
pur ine- type , cytokinin- l ike biological ac t iv i ty levels having a direct influence on t h e growth 
a n d ni trogen metabo l i sm of the leaves or on t h e in tens i ty of ca rbon dioxide f i x a t i o n related 
to t h e chlorophyll c o n t e n t has so fa r been p roduced . 
SKOOG et al. (1965) defined the cy tokin in ef fects as the biological act ivi ty accompany ing 
the increase in t he f r e q u e n c y of mitosis, which s t imula tes the g r o w t h of tobacco cal lus; they 
thus left many highly i m p o r t a n t side-effects of syn the t i c and endogenous cytokinin t r e a t m e n t s 
out of considerat ion. On examining t he side-effects of syn the t i c cytokinins a n d endogenous 
cytokinin-l ike biological activit ies, a subs tan t ia l s t imula t ion of t h e chlorophyll level a n d of the 
in tens i ty of pho tosyn the t i c carbon dioxide f ixa t ion could be demons t ra ted in a d d i t i o n to an 
increase in the pro te in ni t rogen content (POZSÁR 1967, 1971, 1972, 1974, HORVÁTH — POZSÁR 
1974). I t is pa r t i cu la r ly i m p o r t a n t to emphasize t h a t the p r imary effect of the cy tok in in t reat -
m e n t is to increase t h e absolu te and rela t ive quan t i t i e s of the soluble protein f r ac t i on (POZSÁR 
1 9 7 1 . 1 9 7 2 ) . 
The present p a p e r gives exper imenta l ly based answers to the questions of wha t the 
condi t ions are u n d e r which the highest level of endogenous cytokinin-l ike biological act ivi ty 
can be demons t ra t ed in t he leaves of p lants , to wha t e x t e n t th i s ex t ra high level increases 
t h e ni t rogen con ten t a n d the amoun t of pro te in ni t rogen in t he leaves, how it inf luences the 
С : N rat io , and w h a t correlat ion it ensures be tween the increase in the chlorophyll level and 
the in tens i ty of p h o t o s y n t h e t i c carbon dioxide f ixa t ion . These questions are all t h e more 
ju s t i f i ed because t he biological act ivi ty displayed in the increased intensi ty of p ro t e in synthesis 
and pho tosyn the t i c c a r b o n dioxide f ixa t ion is t he mos t i m p o r t a n t of all the s ide-effects accom-
p a n y i r g the syn the t i c a n d endogenous cy tokin in effects. 
The separa t ion of endogenous cytokinin- l ike biological act ivi t ies was carr ied out using 
t he procedure described b y van ONCKELEN et al. (1965); the p u r i t y of the isolates corresponded 
to abou t 90% benzy laden ine and consisted a lmost entirely of pur ine- type compounds . The 
endogenous cytokinin- l ike biological activit ies were related to benzyladenine e f fec t iv i ty (SZABÓ 
et al. 1970). The b ioac t iv i ty was tes ted by t he incorpora t ion of glycine-2-14C in to pro te in and 
was expressed in m g benzyladenine (SZARVAS — POZSÁR 1977). T h e tota l and p ro te in nitrogen 
con t en t s were d e t e r m i n e d by the micro-Kje ldah l me thod and were expressed as a percentage 
of t he d ry m a t t e r . T h e organogenic e lements were examined b y gas analysis a n d , a l though the 
С. O. H and N c o n t e n t s were expressed, only t h e С : N ra t io was documented . T h e chlorophyll 
con t en t was expressed in ext inct ion, on the basis of repea ted me thy l alcohol ex t r ac t ion . The 
in tens i ty of p h o t o s y n t h e t i c carbon dioxide f ixa t ion was s tud ied by the m e t h o d described 
eai l ier . and the va lues of l ight and dark f ixa t ion obta ined by l iquid scintillation were expressed 
in absolute be t a - ac t i v i t y , the a r i thmet ic d i f ference of which is the pho tosyn the t i c carbon 
dioxide f ixat ion. 
On the basis of t he da t a in Table 1 it was direct ly p roved t h a t as a response t o decapita-
t ion the organic m a t t e r levels examined increased almost equal ly favourably in t h e leaves of 
bean and alfalfa p lan t s . I t should be noted t h a t the lower va lues were consistent ly f o u n d in the 
bean leaves and t he higher ones in the alfalfa leaves. As a consequence of decap i t a t i on the 
endogenous cytokinin- l ike biological ac t iv i ty levels rose seven- and eight-fold b y t he end of 
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Table 1 
Cytokinin-like biological activity determined after two weeks in the leaves of intact and decapitated 
plants, in 10 g dry matter, related to mg benzyladenine, with the effects of the isolated purine-type 
compounds tested by the incorporation of glycine-2-uC into protein. In the primary leaves (bean) and 
first trifolium (alfalfa) of treated and untreated plants the data obtained by the micro-Kjeldahl 
method for total and protein nitrogen refer to dry matter: the latter samples were crushed after pre-
cipitation with 10% trichloracetic acid at -j-4°C. The С : N ratio is a quotient calculated from the 
data of С and N contents obtained by gas analysis. The chlorophyll content refers to 200 mg fresh 
leaves after methyl alcohol extraction up to discoloration, expressed in extinction measured at 760 mp. 
The intensity of photosynthetic carbon dioxide fixation is the difference between 15 minutes of light 
and dark fixation referred to 100 mg fresh weight, in 200 pCi/li gas space, expressed in mpCi data 
Bean Alfalfa 
Levels , ratios 
T e s t 
u n i t s 
I n t a c t Decapit . In tac t Decapit . 
Mean 
Devia -
t ion Mean 
Devia -
t ion Mean 
Devia-
t ion Mean 
Devia-
tion 
E n d . cy t . mg B A 54.0 6.1 430.0 35.0 46.0 3.9 387.0 25.4 
To ta l N 
№ / o 2.9 0.5 3.7 0.6 3.8 0.6 5.0 0.7 
P r o t e i n N 
№ / o 1.7 0.4 2.8 0.5 2.4 0.4 4.2 0.5 
С : N Q 1.65 — 1.20 — 1.47 — 1.02 — 
Chlorophyl l ex t . 1.514 0.124 2.038 0.163 2.670 0.195 3.844 0.280 
P h o t o s y n . CO, m^Ci 1.82 0.13 3.57 0.26 2.15 0.18 4.33 0.30 
t he second week fo l lowing the d e c a p i t a t i o n . The levels h a v e t o be regarded as except ional ly 
high, as similarly h i g h va lues have n o t b e e n publ ished so f a r for endogenous levels. The 
r e spec t ive peaks s h o w t h e potentials of t h e leaves of l egumes , in connection wi th the exceed-
ingly h i g h ni trogen levels . The tota l n i t r o g e n content inc reased by 27 and 3 1 % , respect ively, 
sugges t ing t h a t u n d e r t h e influence of a r e m a r k a b l e " r o o t f a c t o r " accumula t ion in the leaves 
t he n i t rogen u p t a k e i n t h e roots and t h e ni t rogen accumula t ion in t h e examined leaves 
increased . The increase in protein n i t rogen con ten t was m u c h more r emarkab le (64 and 7 9 % ) ; 
th is c a n be explained b y t h e rising i n t e n s i t y of prote in synthes is . The r e l evan t d a t a prove , 
f u r t h e r m o r e , t h a t a longs ide the significant increase in p r o t e i n synthesis, p ro te in decomposi t ion 
does n o t t ake place in t h e intensified n i t r ogen metabol ism. Again, it should be emphas ized t h a t 
t he r ise in the pro te in n i t rogen level is n o t in propor t ion w i t h the increase in t h e endogenous 
cy tokin in- l ike biological ac t iv i ty levels of t h e leaves, which is almost of an o rder of m a g n i t u d e . 
The С : N rat io decreased by 28 and 3 1 % , respect ively; t h i s can be regarded as t h e consequence 
of t h e ni t rogen u p t a k e a n d similarly s h o w s the po ten t ia l of legume leaves. The chlorophyll 
c o n t e n t increased b y 34 a n d 44%, respec t ive ly , as r e l a t ed t o f resh we igh t , a n d t he p h o t o -
s y n t h e t i c carbon d ioxide f ixa t ion increased b y 96 and 1 0 1 % , respect ively. These da t a show 
t h a t t h e photochemical ac t iv i ty of the ch lorophyl l increased t o a much grea te r e x t e n t t h a n t he 
ch lo rophyl l content d id compared to t h e in tens i ty of p h o t o s y n t h e t i c ca rbon dioxide f ixa t ion . 
The i n t ens i t y of p h o t o s y n t h e t i c carbon d iox ide f ixat ion d id n o t increase p ropor t iona te ly t o t he 
endogenous cytokinin- l ike biological a c t i v i t y bu t lagged b e h i n d it cons iderably as did the 
increase in the prote in c o n t e n t . 
O n the basis of t h e exper imenta l d a t a a direct a n d positive correla t ion can be dem-
o n s t r a t e d under specia l conditions b e t w e e n the increase in endogenous cytokinin- l ike 
biological act ivi ty levels, t h e increase in t h e ni trogen m e t a b o l i s m and the rise in the in tens i ty 
of pho tosyn the t i c c a r b o n dioxide f ixa t ion in t he leaves of leguminous p lan t s . The increases in 
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t h e ni t rogen level, t h e prote in n i t rogen con ten t , t he chlorophyl l level and t he in tens i ty of 
pho tosyn the t i c c a r b o n dioxide f ixa t ion are j u s t a small p a r t of t he ex t remely h igh increase 
d e m o n s t r a t e d in t h e endogenous cytokinin- l ike biological ac t iv i ty . 
I t is assumed t h a t decapi ta t ion does not enhance t h e synthes is of endogenous cytokin in-
l ike biological ac t iv i ty in t he roots, b u t in t he absence of ac tua l ly growing t issues t h e remain ing 
leaves cont inue to grow, since it is in these t h a t t he endogenous cytokinin- l ike biological 
ac t iv i ty t r anspo r t ed f r o m the roots accumula tes . The endogenous cytokinin- l ike biological 
ac t iv i ty is realized p r imar i ly in mi to t i c ac t iv i ty and secondar i ly expressed in organic m a t t e r 
accumula t ion . A mino r , b u t not ins ignif icant p a r t of t he endogenous cytokinin- l ike biological 
ac t i v i t y is incorpora ted in the cell s t ruc tu re a t t h e polyr ibosomic level, according t o the 
exper imenta l d a t a of KEY (1969), BHATTACHARYYA— ROY (1969), KLÄMBT (1974, 1976), 
MAASS —KLÄMBT (1977), GORDON et al. (1975) and F o x —ERION (1975). According t o these 
resul t s the endogenous cytokinin-l ike biological ac t iv i ty di rect ly enhances p ro t e in synthesis 
while relat ively r educ ing the non pro te in n i t rogen level ( N P N ) ; t he re levant corre la t ion was 
p roved in an earlier p a p e r (SZARVAS —POZSÁR 1977). 
An i m p o r t a n t side-effect of the endogenous cytokinin- l ike biological ac t iv i ty , which 
was demons t r a t ed ear l ier , is the s t imula t ion of t he in tens i ty of pho tosyn the t i c c a rbon dioxide 
f i xa t i on , indirect ly t h r o u g h an increase in t he soluble p ro te in level (POZSÁR 1967) a n d direct ly 
t h r o u g h the b ioac t iv i ty of the imido ni t rogen (HORVÁTH — POZSÁR 1974). The biological 
ac t iv i ty of the lmido n i t rogen can be explained by i ts p r o t o n t rans fe r r ing ac t iv i ty (SZABÓ — 
POZSÁR 1974); our earl ier paper can be supp lemented b y po in t ing out t h a t b y m e a n s of t he 
p r o t o n t r anspor t of t h e imido n i t rogen t he A T P level subs tan t i a l ly increases t h r o u g h t he 
ac t iv i ty of the dehydrogenases . I n the course of this l a t t e r bioenerget ic process the phosphory la -
t ion of sugars becomes more intensive, whereby the ca rbon cycle is s t imula ted ; th is is how the 
observed double s t i m u l a t i o n of the pho tosyn the t i c c a rbon dioxide f ixa t ion can be in t e rp re t ed . 
* 
Prepared a t t h e Ins t i t u t e of I so topes of t he H u n g a r i a n Academy of Sciences, Organic 
Chemis t ry D e p a r t m e n t , Budapes t . 
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C H A N G E S I N T H E Y I E L D S T R U C T U R E O F M A I Z E 
T h e yield s t r u c t u r e of maize is a n a l y s e d w i t h t h e m e t h o d descr ibed ear l ier (ERDŐS 1976, 
1978). T h e yield can b e r e g a r d e d as t h e r e s u l t of t h e j o i n t a c t i o n of t h r e e bas ic f a c t o r s ( w e a t h e r , 
a g r o t e c h n i c s , soil). T h e t w o mos t f r e q u e n t l y ca l cu la t ed y ie ld f u n c t i o n s a re : 
t h e average y i e ld 
q = q (M) + q (A) + q ( F ) m a x ; m a / h a (1) 
t h e o p t i m u m y i e l d 
lopt = 4 (M)max f 4 (A) + q ( F ) m a x ; m a / h a (2) 
I n E q u . (1) a n d (2) t h e de f in i t i ve e q u a t i o n s a n d o t h e r c o m p o n e n t s no t i n c l u d e d in t h e a b o v e 
a r e i n t e r p r e t e d a c c o r d i n g t o t he b r e a k d o w n m o d e l (ERDŐS 1978). 
T h e b r e a k d o w n m o d e l is based on t h e fo l lowing cons ide ra t i ons : t he y e a r l y f l u c t u a t i o n of 
y ie ld ave rages is t h e c o n s e q u e n c e of y e a r l y f l u c t u a t i o n s in t h e w e a t h e r cond i t i ons ; t h e t e n d e n c y 
of y i e l d averages t o i n c r e a s e in t ime is t h e consequence of t h e rise in t h e a g r o t e c h n i c a l level 
w i t h t i m e ; t he d i r ec t e f f e c t of t he soil is a c o n s t a n t v a l u e w h i c h does n o t c h a n g e in t i m e ; t h e 
fu l l e f f e c t of soil q u a l i t y (d i rec t -f- i n d i r e c t ) c a n only be assessed t h r o u g h c o m p a r a t i v e ana lyses . 
Before w o r k i n g o u t t h e above e q u a t i o n s t h e y ie ld t r e n d f u n c t i o n q ( t ) m u s t b e p r o d u c e d 
f r o m as long a y ie ld d a t a t i m e series as poss ib le . I n a l i nea r case t h i s is 
q(t) = q„ + b t , b > 0 (3) 
w h e r e t is t he t i m e in y e a r s . In a d d i t i o n t h e u p p e r enve lop ing f u n c t i o n q 0 p t ( t ) m u s t be de-
t e r m i n e d f r o m some v i s u a l l y chosen, o u t s t a n d i n g l y h igh y ie ld d a t a a n d t h e lower enve lop ing 
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f u n c t i o n q m i n ( t ) f r o m some visually chosen, ou t s t and ing ly low yield d a t a . Af t e r this , wi th in 
an u p p e r closed phase of t he t rend (5 —10 years), t he necessary def in i t ive equa t ions can be 
ca lcu la ted for each y e a r according to t h e in te rp re ta t ion below. 
The full effect of wea the r f l u c t u a t i o n is 
q(M)max = qopt(ti) - qmin(ti) • (4) 
The effect of w e a t h e r f luc tua t ion (or the direct e f fec t of the wea the r ) is 
q(M) = q(t |) - q m i n ( t j ) • (5) 
The yield loss caused by the w e a t h e r is 
H(M) = qo p t ( t j ) — q ( t j ) . (6) 
T h e ef fec t of d e v e l o p m e n t in the agrotechnica l level (or more simply, t he effect of agro-
technics) is 
q(A) = q m l n ( t i ) - q ( F ) m a x . (7) 
The method for calculating t h e direct effect of t h e soil, q ( F ) m a x , will be p resen ted 
separa te ly later. At a n ini t ia l low level of cul t ivat ion t h e yield equat ion is 
q k = q(M) + q ( A k , F ) , (8) 
í r o m which 
q ( A k , F ) = q k - q ( M ) . (9) 
If t h e effect of the in i t ia l level of agro technics is assumed to be negligibly small compared t o 
t he o t h e r components , t h e n f rom E q u . (9) i t can be seen t h a t 
q ( A k , F ) ^ q ( F ) m a x . (10) 
T h e soil effect will subsequen t ly be expressed f rom t h e app rox ima t ion (10) on t he basis of a 
h u n d r e d - y e a r yield d a t a t ime series. 
For the ana lyses t he following maize yield d a t a were available f r o m Békés c o u n t y : 
c o u n t y yield averages (1876 — 1975); yield averages for all t h e distr icts in Békés county a n d 
for t h e Mezőhegyes S t a t e F a r m (1957 —1975); the yield averages of the Orosháza , Békés a n d 
Sza rvas districts, a n d of the Mezőhegyes S ta te F a r m f r o m two per iods (1927 — 1943) a n d 
(1947—1975); i t should be noted t h a t t h e d a t a for t he per iod 1943—1949 are missing f r o m 
t h e c o u n t y yield averages . 
The yield d a t a t i m e series was processed in several d i f ferent ways . The h u n d r e d - y e a r 
c o u n t y da t a were d iv ided into th ree per iods , and l inear t r e n d s were ca lcula ted (1876 — 1912, 
1910 — 1942, 1950 — 1975). The basic d a t a were ca lcula ted according to t he model , b u t t h e y 
a re a lways middle v a l u e s for 5 years (e.g. 1880 for 1878 — 92), except t h a t t he 1975 va lue is 
t a k e n for 1971 — 75 a n d t he 1950 va lue for 1950 — 54 (due t o lack of da ta ) . Mean values for 
f i ve -yea r periods are also presented in t h e tables, f i gu re s and equat ions , if no t otherwise 
ind ica t ed . For the p u r p o s e of compar i son t r end f u n c t i o n s and the corresponding basic d a t a 
were calculated for t h e following per iods : 1957 — 75, f r o m the d a t a series of each d is t r ic t , 
t o g e t h e r with the c o u n t y da t a series a n d t h a t of t he Mezőhegyes S ta t e F a r m ; 1927 — 43 a n d 
1947 — 75 f rom the d a t a series of t he Orosháza , Békés a n d Szarvas dis t r ic ts and of the Mező-
hegyes S ta t e Fa rm. 
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Table 1 
Development of maize yield structure over a 
Year 1 
ч 
4opt 4 m l n q(M) 
1880 14.7 13.3 18.0 6.4 8.3 
1890 15.9 13.8 18.4 6.1 9.8 
1900 12.5 14.2 18.9 5.9 6.6 
1910 16.7 14.7 19.3 5.6 11.1 
1920 12.1 15.4 21.4 6.8 5.3 
1930 14.5 16.4 23.3 8.4 6.1 
1940 17.5 17.2 25.2 10.0 7.4 
1950 19.3 17.3 28.8 12.8 6.5 
1960 27.2 28.4 37.4 21.6 5.6 
1970 40.9 42.3 48.1 32.7 8.2 
1975 49.6 46.5 51.8 37.5 12.2 
Before World W a r I 14.9 14.0 18.6 6.0 8.9 
Between World Wars I and II 14.7 16.3 23.3 8.4 6.3 
a f te r Wor ld W a r II 34.2 33.6 4 1 . 5 26.2 8.1 
Development of yield structure in time 
According to t he yield equa t ion t he vo lume a n d s t ruc tu re of the yield d e p e n d on the 
wea the r condi t ions, t h e agrotechnical level a n d t he qua l i ty of t he soil. These f ac to r s change in 
t ime ( there are also re la t ive changes in the ef fec t of t he soil, which is considered to be cons tan t ) , 
so t he analysis of yield s t ruc tu r e as a f u n c t i o n of t ime is i m p o r t a n t . 
The h u n d r e d - y e a r basic d a t a t ime series on yield componen t s in Békés c o u n t y is seen 
in Tab le 1. Three m a i n periods are d is t inguished, t h a t before Wor ld War I, t h a t be tween 
Wor ld W a r s I and II, a n d t h a t a f te r Wor ld W a r II. F r o m the d a t a in Table 1 yield equa t ion 
combina t ion can be f o r m e d at will if the ef fec t of t he soil fac tor is also separa ted . Fo r t h e 1910s 
it is f o u n d f r o m E q u . (10) t h a t 
q(A, F) = q ( F ) m a x = 5.6 ( m a / h a ) . (11) 
The 1910s were chosen ins tead of the ini t ial per iod, the 1880s, because before W o r l d W a r I 
q m j n ( t ) showed a decreasing t endency (a r a r e except ion) . Below, t he separa te " p u r e " effect of 
agrotechnics for any per iod can be calcula ted in t h e following way : 
4(A) = q m i n - 5.6 . (12) 
We are in te res ted in t he h u n d r e d - y e a r changes in t he following yield c o m p o n e n t s (in 
re la t ion t o q): q(M), H(M), q(M) m a x , q(A, F ) a n d q(A). The deve lopment of the ac tua l q u a n t i t y 
of yield (q) has t he following character is t ics (Table 1, Figs. 1 and 2): the maize y ie ld average 
has increased threefold in a h u n d r e d years ; t h e increase in yield average is not t h e resul t of 
un i form deve lopment ; before World W a r I t h e f l u c t u a t i o n in t he yield was cons iderable and 
deve lopment was pract ica l ly negligible ( the t r e n d was 0.045 ma/ha /yea r ) ; be tween t he two 
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hundred years (1876—1975, Békés county) 
H(M) q(MW q'(M) H' (M) q ' W m a x q ' ( A , F ) q ' ( F ) m a x 
3.2 11.5 0.566 0.219 0.639 0.434 0.381 
2.5 12.3 0.616 0.155 0.668 0.384 0.352 
6.4 13.0 0.530 0.512 0.688 0.470 0.448 
2.6 13.7 0.665 0.156 0.710 0.335 0.335 
9.3 14.6 0.435 0.771 0.682 0.565 0.463 
8.8 14.9 0.412 0.606 0.639 0.588 0.386 
7.7 15.1 0.425 0.439 0.599 0.575 0.320 
9.5 16.0 0.337 0.494 0.555 0.663 0.290 
10.2 15.8 0.207 0.375 0.422 0.793 0.206 
7.2 15.4 0.200 0.176 0.320 0.800 0.137 
2.1 14.3 0.246 0.042 0.276 0.756 0.113 
3.7 12.6 0.594 0.261 0.676 0.403 0.379 
8.6 14.8 0.424 0.605 0.640 0.576 0.390 
7.3 15.4 0.248 0.272 0.393 0.753 0.187 
world war s t he deve lopment was ve ry modes t (0.09 ma/ha /year ) ; if a l inear t r end were f i t ted 
for t he per iod 1920 — 50 the re would he a s o m e w h a t higher degree of deve lopment be tween 
the two wor ld wars (Fig. 2); since Wor ld W a r I I t he yield d e v e l o p m e n t ra te has b e e n very 
fas t ( the t r e n d s are 1.39 a n d 1.59 ma /ha /yea r ) ; since the yield ave rages before W o r l d W a r I 
and be tween t he two world wars were ident ical (14.9; 14.7), the h u n d r e d - y e a r increase in yield 
averages as a whole can be r ega rded as the resu l t of development since World W a r I I . 
T h e changes in t he y ie ld-forming effect of wea ther show t h e following charac ter i s t ics 
(Table 1). q(M): the direct effect of weather f l u c t u a t e s considerably in t ime (due t o t h e annual 
f l u c t u a t i o n in t he weather ) , b u t does not show any definite deve lopmen t t r e n d over the 
cen tu ry as a whole; t he same is character is t ic of t he behaviour of H(M); q (M) m a x : t h e full 
effect of wea the r f l uc tua t ion indicates a s l ight ly increasing t e n d e n c y (World W a r I l / W o r l d 
War I = 15.4/12.6 = 122%), which is negligible, however , c o m p a r e d t o the increase in yield 
averages. T h e re la t ive y ie ld-forming effect of t h e weather de f in i t e ly decreases in t ime , as 
proved b y t he mean values of q ' (M) in the m a i n per iods (0.594; 0.424; 0.248); H ' (M) is pa r t ly 
con t r ad i c to ry , b u t there is no jus t i f ica t ion for excluding it f rom t h e general izat ion; t h e values 
of q ' ( M ) m a x also suppor t t he above conclusion. 
As ref lec ted in t he above calculations, t h e deve lopment of t h e agrotechnical e f fec t as a 
func t ion of t ime is not a simple m a t t e r . Before W o r l d W a r I q m i n ( t ) showed a decreas ing, and 
q(t) an increasing t endency . B o t h func t ions h a v e ve ry small slopes, b u t in absolute t e r m s the 
t rend is h igher (| 0.045 | > | —0.026 |). 
I t is p robable t h a t q m i n ( t ) only shows a decreasing t e n d e n c y b y chance. Th i s is qui te 
conceivable considering t h e w a y in which it is de te rmined; before World W a r I t h e agro-
technical level was pract ical ly cons tan t wi th t i m e , and no deve lopmen t of the agro technica l 
effect a t t h a t t ime can be po in ted out . The deve lopmen t of the agro technica l effect t h r o u g h o u t 
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Fig. 1. Changes i n maize yield t r e n d s over a h u n d r e d years. Békés coun ty , 1876 — 1975 
q 
[ m a / h a ] 
1880 90 1900 10 20 30 40 50 60 70 * t 
Fig. 2. H u n d r e d - y e a r development of maize yields on t h e basis of a c t u a l yield averages a n d 
yield t r e n d s . Békés county , 1876 — 1975 
t h e century is, h o w e v e r , beyond q u e s t i o n . The values of q ' (A, F) in t h e m a i n periods (0.403; 
0 .576; 0.753) sugges t a n intensive d e v e l o p m e n t . This is e v e n more conspicuous in Fig. 3, wh ich 
i l lustrates the inc rease in the " p u r e " agrotechnical e f f ec t as a func t ion of t ime. The f igure 
shows a parabola t y p e of increasing f u n c t i o n which p r o v e s t h a t the deve lopmen t of the agro-
technica l effect acce lera tes in t ime. According to our p resen t theoret ica l knowledge th i s r a t e 
of development is only possible w i t h i n a limited p h a s e of deve lopment , t h a t is, it is of a 
t e m p o r a r y cha rac t e r . F rom such empi r i ca l correlations ex t rapo la ted conclusions cannot ( and 
m u s t not) be d r a w n . F r o m what has been said above it is evident t h a t t h e agrotechnical e f fec t 
p l a y s a decisive ( a l m o s t exclusive) ro le in the increase in yield averages. 
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Fig. 3. Yield-forming e f fec t of deve lopmen t in the agrotechnical level. Békés coun ty , 1920 —1970 
I t is easy t o see t h a t the ef fec t of soil q ( F ) m a x is cons tan t , while q ' ( F ) m a x decreases if 
q increases in t ime. 
Changes in t h e yield s t ruc tu re are best shown t h r o u g h t he solut ions of t he yield func-
t ion . Changes in t h e yield s t ruc tu re of maize in the ma in periods and in t he most recent years 
expressed in the re la t ive fo rm of E q u . (1) are: 
before Wor ld W a r I : q ' = 1 = 0.597 + 0.027 + 0.376 
be tween Wor ld Wars I a n d I I : q ' = 1 = 0.429 + 0.190 + 0.381 
a f te r W o r l d W a r I I : q ' == 1 = 0.237 + 0.602 + 0.164 
a round 1975: q ' = 1 = 0.246 + 0.643 -f 0.113 
I t can be seen f r o m the above t h a t radical changes in the yield s t ruc tu re h a v e occurred 
d u r i n g the last h u n d r e d years . The r a t e of change in t he yield s t ruc tu r e is equal to or even 
exceeds t h a t in the q u a n t i t y of yield. Before World W a r I the larger p a r t (60%) of the average 
yield could be a t t r i b u t e d to the direct e f fec t of the wea ther . The ef fec t of agrotechnical develop-
m e n t was negligible ( 3 % ) and the e f fec t of the soil compara t ive ly high (37%) . This proves 
t h a t t he old peasan t saying ( " w e a t h e r is t he boss") h a d a sound basis. The ef fec t of agro-
t echn ica l deve lopment be tween t he two world wars is a p p a r e n t , t h o u g h the effect of t he wea the r 
w a s still the p r imary yield componen t a t t h a t t ime (43%) . Since World W a r I I (and par t icu lar ly 
in recen t years) the yield s t ruc tu re h a s radical ly changed . The effect of agrotechnical develop-
m e n t (60—65%) is h igher t h a n t he ef fec t of the wea the r was before World W a r I . Today 
24 — 2 5 % of the ave rage yield can be a t t r i b u t e d to t he direct effect of the wea ther . The effect 
of t h e soil is now only a minor componen t of the yield average. 
While f l u c t u a t i o n in the wea the r was the m a i n yield f ac to r before World W a r I , t o d a y 
t h e agrotechnical level p lays the decisive role. Nevertheless , the y ie ld- forming effect of wea ther 
f l u c t u a t i o n has r e m a i n e d ve ry i m p o r t a n t . In the case of ex t remely un favourab l e wea the r con-
d i t ions the average yield m a y be reduced by as m u c h as 25%. I n yea rs wi th highly favourab le 
w e a t h e r condit ions [H ' (M) = 7.3/34.2 = 0.213] a b u m p e r yield, some 2 0 % higher t h a n the 
ave rage , can be r eckoned wi th . I t can be said t h a t a t t he present agrotechnica l level f l uc tua t ion 
in t h e weather in e x t r e m e cases can cause a t most ± 2 0 % yield f l uc tua t ions compared to t he 
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ave rage ma ize yield of r e c e n t years , b u t t h e ac tua l yield f l u c t u a t i o n s will in all p r o b a b i l i t y be 
m u c h lower t h a n t h a t . 
Changes in the o p t i m u m yield s t r u c t u r e expressed f r o m E q u . (2) in a re la t ive f o r m a re : 
before W o r l d W a r I : q / p t = 1 = 0.677 + 0.022 + 0.301 
be tween W o r l d W a r s I a n d I I : q^pt = 1 = 0.635 + 0.120 + 0.240 
a f t e r W o r l d W a r I I : q^pt = 1 = 0.371 + 0.496 + 0.135 
a round 1975: q j p t = 1 = 0.276 + 0.616 + 0.108 
T h e o p t i m u m y ie ld , wh ich can only be a t t a i n e d in y e a r s w i th h igh ly f a v o u r a b l e w e a t h e r 
cond i t ions , has a s o m e w h a t d i f fe ren t s t r u c t u r e t h a n t h e ave rage yie ld . I n t h e o p t i m u m yield 
the a b s o l u t e values of t h e agro technica l a n d soil e f fec ts a re ident ica l w i t h those in t h e ave rage 
yield (i.e. t h e y are r e l a t i v e l y lower), b u t t h e effect of t h e w e a t h e r is equa l t o the fu l l e f fec t 
of w e a t h e r f l uc tua t i on , so b o t h its a b s o l u t e a n d re la t ive va lues are h igher t h a n in t h e ave-
rage y ie ld . Before W o r l d W a r I t w o - t h i r d s of the o p t i m u m yield ( 6 7 . 7 % ) was due to t h e 
ful l e f f ec t of wea the r f l u c t u a t i o n , whi le since Wor ld W a r I I t h e co r re spond ing p r o p o r t i o n is 
only a b o u t one- th i rd (37.1 — 27 .6%) . T h e agro techn ica l e f fec t h a s r ecen t l y r eached 6 0 % 
( 6 1 . 6 % ) , while the soil e f f e c t is ha rd ly m o r e t h a n 1 0 % . The re is m o r e s imi la r i ty t h a n d i f fe rence 
b e t w e e n t h e s t ruc tu re s of t h e average a n d o p t i m u m yields. 
Relations between yield components 
T h e t ime f u n c t i o n s of var ious y ie ld c o m p o n e n t c o m b i n a t i o n s ( ra t ios) are p r e s e n t e d in 
a n u m b e r of f igures . C h a n g e s in t h e m i n i m u m / o p t i m u m yield r a t io as a f u n c t i o n of t i m e are 
desc r ibed b y a non- l inear increas ing f u n c t i o n (Fig. 4). T h e r a t io of q m i n / q o p t increased f r o m 
1/3 t o 2 /3 in the 50 y e a r s f r o m 1920—1970. F r o m th is t h e fol lowing conclus ions can be d r a w n : 
w h e n t h e agro techn ica l level rises q m i n ( t ) a n d q0p t( t) show increas ing t endenc ie s b u t q m i n ( t ) 
increases m u c h f a s t e r ; b e t w e e n 1880 a n d 1970 q m j n increased f ivefo ld (32.7/6.4 = 5.109), and 
q o p t h a r d l y threefo ld (48.1/18.0 = 2.672); t h u s the ag ro t echn ica l level h a s m o r e ef fec t on t h e 
d e v e l o p m e n t of t h e m i n i m u m yield ( a n d t h u s on t h e re l iab i l i ty of p r o d u c t i o n ) t h a n on t h e 
d e v e l o p m e n t of average a n d o p t i m u m y ie lds (which h a v e m o r e or less t h e s a m e r a t e of develop-




/Ч 0 р ( r a t io can on ly be 
t e m p o r a r y (qm , n 'q 0pt ' s necessar i ly less t h a n 1, because 9 m j n / q 0 p t = 1 wou ld m e a n a comple t e 
e l i m i n a t i o n of the w e a t h e r effect) . 
Fig. 4. Inc rease in t i m e of t h e re la t ive i n d e x of p r o d u c t i o n re l iab i l i ty ( q m i n / 4 o p t ) ' Békés c o u n t y , 
1 9 2 0 - 1 9 7 0 
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From Figs. 5, 6 and 7 ( compared wi th Fig. 3) several i m p o r t a n t conclusions can be 
d r awn . The wca ther /agro techn ica l effect ra t io is a non-l inear func t ion decreasing in t i m e 
(Fig. 5). Since we k n o w t h a t q(M) is s t a g n a n t or rises s l ight ly in t ime, the cha rac t e r of the a b o v e 
relat ionship is de t e rmined by the ve ry f a s t development r a t e of the agro technica l effect (Fig. 3). 
Earl ier (before Wor ld W a r s I and I I ) the agrotechnical deve lopment was sl ight , so the e f fec t 
of the weather in t h a t period seems to have been enormous ly high. At p re sen t the value of t h e 
q(M)/q(A) ra t io is abou t 0.3. I t follows f rom the cha rac t e r of the f u n c t i o n t h a t the ra t io of 
q(M) to q(A) will become more a n d more "s tab i l ized" . T h e func t ion shown in Fig. 6 empha t i c -
ally confirms t he above s t a t emen t s . Fig. 7 is an analogue of Fig. 6, where t h e " p u r e " agro-
technical effect is replaced by q(A, F ) in the denomina to r . Thus a l inear decreasing f u n c t i o n 
is obta ined, which does not give rise to any con t rad ic t ion to the above s t a t e m e n t s (Fig. 7). 
If it were p lo t ted it would be seen t h a t q(M)/q(A, F ) fo rms a l inear decreasing func t ion similar 
t o Fig. 7. 
q(M)/q(A) 
Fig. 5. Rela t ive decrease in the ef fec t of weather on maize yields as a f u n c t i o n of t ime. Békés 
coun ty , 1 9 2 0 - 1 9 7 0 
q ( M ) m a / q ( A ) 
Fig. 6. Decrease in t ime of t he fu l l effect of wea ther f l u c t u a t i o n as c o m p a r e d to the agro-
technica l e f fec t . Békés coun ty , 1920 — 1970 
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Fig. 7. D e v e l o p m e n t in t h e s t ruc tu r e of o p t i m u m maize yields. Békés coun ty , 1920 —1970 
Effect of soil quality 
B o t h di rec t and indi rec t effects of the soil qua l i t y are ev iden t in the a m o u n t a n d s t ruc-
ture of t he y ie ld . Let us t r y t o assess and ana lyse the two kinds of ef fec t separa te ly . 
F r o m t h e da ta series t h e distr icts in B é k é s county and t h e Mezőhegyes S t a t e F a r m 
were listed in order of soil q u a l i t y : Mezőhegyes (ve ry good), Orosháza (good), Gyula (medium) , 
Szeghalom (poor) . In Fig. 8 t h e comparison of t r e n d s shows t h e m in decreasing order . On com-
paring Fig. 1 wi th Fig. 8 i t c a n be seen t h a t as t h e soil qual i ty increases the d i s t r ibu t ion of 
Fig. 8. Compar i son of maize y ie ld t rends accord ing to soil qua l i ty . Békés coun ty , 1957 —1975 
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t rends shows a p a t t e r n charac ter i s t ic of t h e deve lopment in y ie ld th roughout t h e cen tu ry . 
In o ther words , the yield ave rage on a poor qua l i t y soil has increased in recent yea r s a t the 
same r a t e as i t did on a b e t t e r qual i ty soil some t ime back. Th i s m u s t definitely be regarded 
as a soil e f fec t , i.e. as t he indi rec t effect of soil qual i ty , or t h e in teract ion of soil a n d agro-
technics. However , this s t a t e m e n t only holds t r u e if it is a s sumed t h a t the agro technica l level 
was t he s a m e for all t y p e s of soil (in each d i s t r i c t ) in recent yea r s , or t ha t d i f fe rences were 
only due t o differences in soil qual i ty . A s imple calculat ion shows t h a t the grea tes t difference 
in t r e n d (be tween Mezőhegyes and Szeghalom) caused by t h e soil quali ty in r é c e n t s years 
corresponds t o 2/3 — 3/4 (1.117/1.545 = 0.723) of the h u n d r e d - y e a r t rend in t h e coun ty 
( 1 . 5 9 0 - 0 . 0 4 5 ) . 
Table 2 
Comparison of yield functions and yield component ratios in maize according to soil quality, 
on the basis of average values for the 1960s + 1970s. Békés county 
Districts 
Я 
q ' ( M ) q ' (A ,F ) q»pt q ' ( M )ma i q ' ( A , F) 
q(M) q(M)max 
q(A, F) q ( A , F ) 
County 34.05 0.273 0.727 39.05 0.366 0.634 0.376 0.578 
Mezőhegyes 48.70 0.223 0.777 60.75 0.377 0.623 0.287 0 605 
Orosháza 36.10 0.224 0.776 46.15 0.391 0.607 0.289 0.645 
Gyula 31.40 0.290 0.710 38.10 0.413 0.588 0.408 0.703 
Szeghalom 22.25 0.609 0.391 30.75 0.717 0.283 1.557 2.534 
T h e soil effect can b e examined more closely by wr i t ing d o w n the yield f u n c t i o n s in 
order of soil qual i ty , as seen in Table 2. I t c a n be seen t h a t as t h e soil qual i ty decreases q. 
q 0 p t and b o t h values of q ' ( A , F ) decrease, while q ' (M) and q ' ( M ) m a x show increasing tendencies ; 
the values for t he medium soil qual i ty in Gyu la d is t r ic t differ on ly slightly f rom t h o s e for good 
soils, while those of the Szegha lom district a re a lways conspicuously different; in t h e Szeg-
ha lom dis t r ic t the yield a v e r a g e is higher t o d a y t h a n the c o u n t y yield averages were before 
World W a r I, b u t the s t r u c t u r e of the yield ( b o t h average and o p t i m u m ) is surpris ingly similar 
to the c o u n t y yield s t ruc tu r e before World W a r I ; in the yields of t he Szeghalom d is t r i c t the 
effect of w e a t h e r f l u c t u a t i o n (0.609 and 0.717) is still a decisive fac to r , while q ' ( A , F ) is so 
low t h a t i t c anno t be a t t r i b u t e d to a lower d i rec t effect of t he soil (as will be seen l a t e r ) , and 
even less so to a possible backwardness of t h e agrotechnical level . The yield s t r u c t u r e of the 
Szeghalom distr ict is theore t ica l ly a typical phenomenon . The soil is a yield fac tor w h i c h is at 
a relat ive m i n i m u m and t h u s s t rongly limits t h e dynamic o p t i m u m of the agrotechnica l effect 
(and in p a r t even t h a t of t h e wea ther effect) . 
Fo r t he sake of comple teness the direct e f fec t of the soil m u s t also be de te rmined accord-
ing to t h e soil qual i ty . F r o m t h e short t r end f u n c t i o n s available (1957 —1975) the a c t u a l values 
of q ( F ) m a x c a n n o t be ca lcu la ted . However, e s t i m a t e s can be p r o d u c e d for q ( F ) m a x on t h e basis 
of the fol lowing assumpt ions : (1) t h a t wi th e a c h k ind of soil q ( F ) m a x / q ( A , F) decreases in t ime 
at the same r a t e as it does in t h e county as a whole (Fig. 9); (2) t h a t q(F) m a x /q (A, F ) for each 
kind of soil decreases in t i m e in proport ion t o t h e county /d is t r ic t t r ends . On the basis of mean 
values fo r t h e 1960s 1970s t h e est imated va lues of q ( F ) m a x we re determined for each kind 
of soil a n d each district us ing t h e two assumpt ions (Table 3). T h e me thods of ca lcula t ion using 
assumpt ions (1) and (2) a re : 
q , ( F ) m a x = 0.215 q ( A , F ) , (13) 
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Fig. 9. Relat ive decrease in the direct e f f ec t of soil on ma ize yields. Békés c o u n t y , 1920 — 1970 
Table 3 
Changes in the effects of agrotechnical level and soil on maize yield according to soiln quality, on 
the basis of average data for the 1960s -(- 1970s. Békés county 
Districts T rend к q(A, F) q t (F )mai qj(F)max 4(A) qz(F)max 
4(A, F) 
County 1 . 5 9 0 1 . 0 0 0 2 4 . 7 5 5 . 3 2 5 . 3 2 1 9 . 4 3 0 . 2 1 5 
Mezőhegyes 2 . 0 0 0 0 . 7 9 5 3 7 . 8 5 8 . 1 4 6 . 4 7 3 1 . 3 8 0 . 1 7 1 
Orosháza 1 . 8 9 0 0 . 8 4 1 2 8 . 0 0 6 . 0 2 5 . 0 6 2 2 . 9 4 0 . 1 8 1 
G y u l a 1 . 2 0 0 1 . 3 2 5 2 2 . 4 0 4 . 7 9 6 . 3 5 1 6 . 0 5 0 . 2 8 5 
Szeghalom 0 . 8 8 3 1 . 8 0 7 8 . 7 0 1 . 8 7 3 . 3 8 5 . 3 2 0 . 3 8 9 
q 2 ( F ) m a x = 0 . 2 1 5 к q ( A , F ) , ( 1 4 ) 
in which the c o u n t y q(F) m a x /q (A, F ) = 0.215, and к is t h e ratio of coun ty /d i s t r i c t t r ends . 
On the bas is of Table 3 an overa l l view of the yield s t ructures for d i f f e r e n t kinds of soil 
c a n be obtained. Accord ing to a s s u m p t i o n (1) the ca lcu la ted values of t he soil effect , q i ( F ) m a x , 
f o r m an unb roken decreasing series, t h o u g h the d i f fe rences are extreme. A series of q 2 ( F ) m a x 
v a l u e s seems to be a more ra t ional e s t i m a t e . The d i s t u r b i n g thing here is t h a t higher va lues 
w e r e obtained in t h e Gyula district t h a n in the Orosháza dis tr ic t . In longer t r e n d s this con t ra -
d ic t ion would p r o b a b l y be e l iminated . The rat io of t h e ex t reme values ( b e t w e e n Szeghalom 
a n d Mezőhegyes) is approximate ly 1/2. I t can he seen t h a t these results were obta ined by bold 
ex t rapo la t ions ca r r i ed out in ^several s tages . F r o m such results conclusions should only be 
d r a w n very ca re fu l ly and with c e r t a i n reservat ions, a n d these conclusions are only sat isfac-
t o r y as long as a d e q u a t e results are n o t available f r o m d i r ec t compara t ive calculat ions . 
After t he s epa ra t i on of q(A) t h e ful l t h r ee -componen t yield func t i ons for each k ind of 
soil can be wr i t t en down . Only the y ie ld func t ions of e x t r e m e types of soils a r e compared , in t h e 
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absolute and relat ive fo rms . F r o m Equ. (1), on t h e basis of the averages for the 1960s -J- 1970s, 
Mezőhegyes: 48.70 = 10.85 + 31.38 + 6.47; 
1 = 0.223 + 0.644 + 0 .133 
Szeghalom: 22.25 = 13.55 + 5.32 + 3.38; 
1 = 0.609 + 0.239 + 0.152. 
г 
T h e Szeghalom/Mezőhegyes yield c o m p o n e n t rat ios are as follows: the a v e r a g e yield is, 
less t h a n 1/2, the effect of t h e weather is g rea te r t h a n 1, the agrotechnical effect is a b o u t 1/6, 
and t he direct effect of t he soil is approx imate ly 1/2. By s u m m i n g u p the above r e s u l t s note-
wor thy conclusions can be d r a w n : a t the p resen t agrotechnical level the direct y ie ld- forming 
effect of t he soil is a minor f a c t o r in the yield (10 — 2 0 % ) ; the d i rec t effect of the soil ( in absolute 
and re la t ive t e rms) varies g rea t ly with the k ind of soil, t hough f r o m the point of v i ew of the 
a m o u n t of yield this is no t i m p o r t a n t ; if t h e soil is a m i n i m u m fac tor relative t o t h e other 
yield fac to r s , then the fu l l (d i rect indirect) e f fec t of the soil m a y play a decisive, def ini t ive 
role in t he yield. If the soil f ac to r is a t a r e l a t ive min imum, i t theoret ical ly l imi t s b o t h the 
weather and t he agro technica l effects , t hough t h e la t te r is a f f ec t ed to a much g r e a t e r ex ten t . 
This las t s t a t emen t only ho lds t rue with cer ta in reservat ions . 
Conclusions 
T h e analysis of ma ize yield da ta t ime series clearly shows t h a t the b r e a k d o w n model 
applied here can be used t o a d v a n t a g e in p rac t i ce and is su i table for the ach ievemen t of new 
scientific resul ts . 
Maize yield averages h a v e increased a b o u t threefold in t h e las t hundred y e a r s a n d the 
yield s t r u c t u r e has also c h a n g e d radically. T h e m a i n charac ter i s t ics of the yield s t r u c t u r e are 
t h a t before World W a r I t h e ef fec t of wea the r f l u c t u a t i o n was t h e decisive f ac to r ( 6 0 % ) , the 
effect of agrotechnica l d e v e l o p m e n t was negligible, and the d i rec t yield-forming e f f e c t of the 
soil was nea r ly 4 0 % . I n r e c e n t years these ra t ios , given in t h e same order, h a v e become 
25 + 64 + 1 1 % . 
The ef fec t of w e a t h e r f l uc tua t ion on t h e ma ize yield (in abso lu te terms) is m o r e or less 
constant , or only increases s l ight ly. The relat ive e f fec t of the wea the r , on the other h a n d , def ini te ly 
decreases in t ime as t he agro techn ica l level rises. A t t he present agrotechnical level f l u c t u a t i o n s 
in the w e a t h e r , even in e x t r e m e cases, can cause a t most a ± 2 0 % f luc tua t ion in t h e yield. 
In Békés c o u n t y a t least 75 .6% of the maize y ie ld average can n o w be taken as " g u a r a n t e e d " 
every yea r . Before Wor ld W a r I the " g u a r a n t e e d " propor t ion of t he yield was o n l y 40%. 
T h u s t h e deve lopmen t of t he agro technica l level not only increases maize y ie ld averages 
bu t also improves the re l iabi l i ty of p roduc t ion . 
T h e qua l i ty of t he soil ha s a direct a n d indi rec t effect on t h e yield. I t i n f luences the 
size of t he yie ld , the r a t e of deve lopment ( the t r e n d ) , and the y ie ld s t ructure . On poo r qual i ty 
soil the yield is considerably smal ler , the r a t e of deve lopment is s lower , and the yield s t ruc tu re 
is similar to w h a t it was ear l ier on be t t e r q u a l i t y soil a t a lower agrotechnical level . I n the 
case of h ighly u n f a v o u r a b l e soil condit ions t he e f fec t of wea ther f luc tua t ions is still a decisive 
factor in t he yield. 
The full effect of t h e soil is always an i m p o r t a n t yield f a c t o r ; t he indirect e f f e c t s of the 
soil (man i fes t ing themselves t h r o u g h t he agro techn ica l and w e a t h e r effects) m a y be much 
greater t h a n t h e direct ones. 
P r e p a r e d at the Meteorological D e p a r t m e n t of the Eö tvös L o r á n d Universi ty, B u d a p e s t . 
L . E R D Ő S 
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V I R U S E S OF L E T T U C E 
I. N a t u r a l Occurrence — A Rev iew 
Invest igat ions re la ted with t h e v i r u s diseases of l e t t u c e (Lactuca sativa L.) have been 
c a r r i e d out for some s ix decades. I t w a s in the Uni ted S t a t e s of America t h a t the occurrence 
of t h e lettuce mosaic disease was f i r s t p o i n t e d out (JAGGER 1921). This in fec t ious disease was 
l a t e r found to be c a u s e d by a virus s p r e a d b y lettuce seed a n d aphids in a s ty le t -borne m a n n e r . 
T h e legit imate n a m e a n d the c r y p t o g r a m of the virus k n o w n earlier by t h e scientif ic n a m e of 
Lactuca virus 1, t h e n as Marmor lactucae Holmes are: l e t t u c e mosaic v i rus , */» : */* : E / E : 
S / A p ; potyvirus g r o u p . 
Since its d i s cove ry the le t tuce mosa ic virus, a m e m b e r of the p o t y v i r u s group (sub-
d i v i s i o n - I I , c f . T O M L I N S O N 1 9 7 0 , H A R R I S O N et al. 1 9 7 1 , E D W A R D S O N 1 9 7 4 a , b , C H R I S T I E — 
EDWARDSON 1977) h a s spread all over t h e world and causes serious economic losses. In E u r o p e 
i t appeared in t he t h i r t i e s , supposedly d u e to the i n t r o d u c t i o n of v i rus- infected seed (BROAD-
BENT et al. 1951). B e t w e e n 1950 and 1960 the extent of in fec t ion in some E u r o p e a n count r ies 
w a s almost 100%, a n d , as a consequence , lettuce p r o d u c t i o n was sha rp ly r educed (BREMER 
1 9 5 2 , ULLRICH 1 9 5 4 ) . 
After its p r e v i o u s sporadical occurrence the l e t t u c e mosaic virus a s sumed increasing 
i m p o r t a n c e in H u n g a r y in the f i f t ies , a l though its d i s t r i b u t i o n in the c o u n t r y was still no t 
gene ra l (SZIRMAI 1957) . Character is t ical ly of the s u b s e q u e n t spread of t he l e t t u c e mosaic v i rus 
in Hunga ry , the seed of the varieties Lactuca sativa cvs . Cobham Green, Unr iva l led , All T h e 
Y e a r Round e x p o r t e d t o England p r o v e d highly in fec t ed compared to t h e seed of the s a m e 
l e t t u c e varieties i m p o r t e d into E n g l a n d f rom the U n i t e d States of Amer ica (HALL — 
B E N N E T T 1 9 7 0 ) . 
Considering t h a t in the r e l e v a n t Hungar ian l i t e r a t u r e informat ion on studies r e l a t ed 
w i t h the lettuce m o s a i c virus is only g iven by a single a u t h o r (SZIRMAI 1957). I t was t h o u g h t 
necessary to sum u p our knowledge of t h e virus p a t h o g e n s of lettuce a n d t o give an accoun t 
of t h e results of r e c e n t investigations concerning the i so la t ion , ident i f icat ion a n d host range of 
l e t t u c e mosaic v i r u s a n d cucumber m o s a i c virus ( R / l : 1/18 : S/S : S/Ap; cucumovi rus g roup) , 
b o t h isolated f r o m l e t t u c e , as well as t h e separat ion of t h e virus pa thogens of le t tuce. 
In the f i r s t p a r t of this series of publ icat ions t h e v i ruses t ha t occur in le t tuce and cause 
considerable economic losses will be descr ibed. In t he second paper t he fu l l range of n a t u r a l 
a n d artificial host p l a n t s of lettuce m o s a i c virus and c u c u m b e r mosaic v i rus will be p resen ted , 
a s well as the r e s i s t a n t plants . In t he t h i r d par t of the series of papers t he research work r e l a t ed 
w i t h the iden t i f ica t ion of lettuce m o s a i c virus and c u c u m b e r mosaic vi rus , b o t h isolated f r o m 
l e t t u c e will be desc r ibed , and the r e s u l t s will he pub l i shed . In the fou r th a n d last pa r t of t he 
ser ies the possibili t ies for separat ing t h e virus p a t h o g e n s of lettuce will be deal t with, a n d a 
m e t h o d enabling t h e v i rus pathogens of le t tuce to be iden t i f i ed will be descr ibed . 
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Table 1 
Natural occurrence of viruses on lettuce (Lactuca saliva L.) 
Countries References 
Arabis mosaic v i rus 
Beet western yel lows virus 
Beet yellow s t u n t virus 
jBidens mot t l e v i rus 
Broad bean wil t v i rus 
Cucumber mosaic virus 
Lettuce big ve in virus 
Lettuce mosaic v i rus 
Eng land 
Uni ted States of Amer i ca 
German Federal R e p u b l i c 
Un i t ed States of Amer i ca 
Uni ted States of Amer i ca 
German Democrat ic 
Republic 
Un i t ed States of Amer i ca 
France 
G e r m a n Federal Repub l i c 
New Zealand 
I t a l y 
German Democrat ic 
Republic 
German Federal Repub l i c 
Uni ted States of Amer i ca 





T h e Netherlands 
Israel 
Yugoslavia 
H u n g a r y 
German Democrat ic 
Republic 
German Federal Repub l i c 
I t a ly 
Switzerland 
W A L K E Y ( 1 9 6 7 ) , R A G O Z Z I N O et al. 
( 1 9 7 1 ) 
D U F F U S ( 1 9 6 0 ) , Z I N K — D U F F U S 
( 1 9 7 2 ) 
N A G I ( 1 9 7 5 ) 
D U F F U S ( 1 9 6 4 ) 
C H R I S T I E et al. ( 1 9 6 8 ) , P U R C I F U L L 
et al. ( 1 9 7 1 ) , Z I T T E R — G U Z M A N 
( 1 9 7 4 ) 
G I P P E R T — S C H M E L Z E R ( 1 9 7 5 ) 
B R U C K A R T — L O R B E E R ( 1 9 7 5 ) 
M A R R O U et al. ( 1 9 7 6 ) 
W E I D E M A N N ( 1 9 7 7 ) 
T H O M S O N — P R O C T E R ( 1 9 6 5 ) 
R A G O Z Z I N O et al. ( 1 9 7 1 ) , C A N N I Z -
ZARO et al. ( 1 9 7 5 ) 
G I P P E R T ( 1 9 7 3 ) 
W E I D E M A N N — R O H L O F F ( 1 9 7 6 ) 
C A M P B E L L et al. ( 1 9 6 1 ) , L I N et al. 
( 1 9 7 0 ) 
J A G G E R ( 1 9 2 1 ) , G R O G A N et al. 
( 1 9 5 2 , 1 9 5 5 ) , C O S T A — D U F F U S 
( 1 9 5 8 ) , M C L E A N — K I N S E Y 
( 1 9 6 2 ) , D U F F U S et al. ( 1 9 7 0 ) , 
P U R C I F U L L — Z I T T E R ( 1 9 7 1 ) , 
P R O V V I D E N T I — S C H R O E D E R 
( 1 9 7 2 ) , P R O V V I D E N T I ( 1 9 7 3 ) , 
Z I N K — D U F F U S ( 1 9 7 2 ) 
K A S S A N I S ( 1 9 4 7 ) , B R O A D B E N T et 
al. ( 1 9 5 1 ) , T O M L I N S O N ( 1 9 7 0 ) 
B o x u s ( 1 9 6 4 ) , V E R H O Y E N ( 1 9 6 5 ) 
C H O D et al. ( 1 9 7 3 ) , P O L Á K et al. 
( 1 9 7 4 ) 
M A R R O U ( 1 9 6 0 , 1 9 6 1 ) 
V a n H O O F ( 1 9 5 6 , 1 9 5 9 ) 
N I T Z A N Y — C O H E N ( 1 9 6 3 ) , 
N I T Z A N Y — M A R R O U ( 1 9 7 0 ) , 
N I T Z A N Y ( 1 9 7 5 ) 
§ T E F A N A C — M A M U L A ( 1 9 7 6 ) , S A -
R I < 5 — W R I S H E R ( 1 9 7 7 ) 
S Z I R M A I ( 1 9 5 7 ) , H O R V Á T H ( 1 9 7 9 ) 
G I P P E R T ( 1 9 7 3 ) , S C H M E L Z E R et al. 
( 1 9 7 7 ) 
U L L R I C H ( 1 9 5 4 ) , K E M P E R ( 1 9 6 2 ) , 
H E I N ( 1 9 7 6 ) , W E I D E M A N N — 
R O H L O F F ( 1 9 7 6 ) 
( 1 9 7 1 ) 
M A R I N I ( 1 9 5 5 ) , R A G O Z Z I N O 
et. al. ( 1 9 7 1 ) 
P E L E T ( 1 9 6 4 ) 
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Viruses Countries References 
Lettuce necrosis v i rus 
Let tuce necrotic yellows 
virus 
Sowthistle yellow vein virus 
Strawberry l a t e n t r ingspot 
virus 
Tobacco necrosis v i rus 
Tobacco ra t t le v i rus 
Tomato black r ing virus 
Tomato spot ted wil t virus 
Turnip mosaic v i rus 
New Zealand 
Eng land 
G e r m a n Federal Repub l i c 
Aust ra l ia 
New Zealand 
Un i t ed States of America 
Eng land 
Belgium 
I t a ly 
The Netherlands 
U n i t e d States of A m e r i c a 
Eng land 
F r a n c e 
G e r m a n Democratic 
Republ ic 
Uni ted States of America 
F R Y ( 1 9 5 2 ) 
K A S S A N I S ( 1 9 4 7 ) 
H E I N ( 1 9 6 3 ) 
S T U B B S — G R O G A N ( 1 9 6 3 ) , 
R A N D L E S — C R O W L E Y ( 1 9 7 0 ) , 
R A N D L E S — C A R V E R ( 1 9 7 1 ) , 
F R A N C K I — R A N D L E S , ( 1 9 7 0 ) , 
B O A K Y E — R A N D L E S ( 1 9 7 4 ) 
F R Y et al. ( 1 9 7 3 ) 
D U F F U S et al. ( 1 9 7 0 ) 
С О Е К ( 1 9 6 8 ) 
V E R H O Y E N ( 1 9 6 5 ) 
R A G O Z Z I N O et al. ( 1 9 7 1 ) 
D R O S T ( 1 9 6 5 ) 
M A Y H E W — M A T S U M O T O ( 1 9 7 8 ) 
S M I T H — S H O R T ( 1 9 5 9 ) 
M O R A N D — P O U T I E R ( 1 9 7 8 ) 
S C H M E L Z E R — W O L F ( 1 9 7 1 ) 
P U R C I F U L L ( 1 9 6 8 ) 
Natural occurrence of viruses in lettuce 
(Lactuca saliva L . ) 
According t o our present knowledge the n a t u r a l occurrence in l e t tuce of some 17 v i r u s e s 
t ransmissible b y aphids , nema todes , thripses, soi l -borne fungi , seed of infected p l a n t s a n d 
mechanically h a s been pointed o u t so fa r (Table 1). Le t t uce mosaic v i rus is the mos t wide-
spread and economical ly most i m p o r t a n t virus of t h e le t tuce p lant . A m o n g the a p h i d - t r a n s -
mi t t ed , s ty le t -borne spherical v i ruses recently occu r r ing in let tuce in s implex and c o m p l e x 
forms the c u c u m b e r mosaic v i rus a n d broad bean wi l t v i rus ( R / l : */33 : S/S : S/Ap) are u n -
doub ted ly t he m o s t impor tan t ones (GIPPERT 1973, BRUCKART —LORBEER 1975, GIPPERT 
SCHMELZER 1975, MARROU et al. 1976, WEIDEMANN 1977). Each of t he l a t t e r two viruses h a s a 
wide host r a n g e , a n d m a n y overwinter ing hosts a re known. According to our e x p e r i m e n t s 
under H u n g a r i a n condi t ions i m p o r t a n t overwinter ing h o s t p lants are Brassica napus. Paulownia 
imperialis, Catalpa bignonioides, Circaea lutetiana, Stellaria media a n d Echinocystis lobata 
(HORVÁTH 1976); seeds of the l a t t e r t w o plants p lay a n i m p o r t a n t role in spreading the c u c u m -
ber mosaic v i rus . I n the d i s t r ibu t ion of broad b e a n wi l t virus in l e t tuce crops various v i r u s -
susceptible v e g e t a b l e s (e.g. Daucus carota, Petroselinum crispum) a n d Tropaeolum majus, a 
popular o r n a m e n t a l p lan t in smal l gardens, which according to l i te rary d a t a are sources of 
broad bean wil t v i rus , are supposed t o play some p a r t (SCHMELZER WOLF 1969, WOLF 1970, 
F R O W D — T O M L I N S O N 1 9 7 2 a , b , W O L F — S C H M E L Z E R 1 9 7 2 , S H U K L A — S C H M E L Z E R 1 9 7 2 , 1 9 7 3 a , b , 
H O R V Á T H — S Z I R M A I 1 9 7 5 ) . 
* 
Prepared a t the In s t i t u t e for P lan t P ro tec t ion , Universi ty of Agricultural Sciences , 
Keszthely. 
J . H O R V Á T H 
Acta Agroncmica Acadcrriae Scientiarurr. Kunrcricae 29, 1980 
VARIA 6 5 
References 
BOAKYE, D. В. —RANDLES, J . W. (1974): Epidemiology of l e t t uce necrotic yellows v i rus in 
S o u t h Austra l ia . V i rus t ransmission pa rame te r s , a n d vec to r feeding behaviour o n host 
a n d non-host p l a n t s . Aus t r . J . Agr. Res. , 25, 791 — 802. 
B o x u s , P . (1964): E x p e r i m e n t s on the mechan ica l t r ansmiss ion of le t tuce mosaic. Meded. 
L a n d b o u w h . Gent . , 29, 9 2 6 - 9 3 2 . 
BREMER, H . (1952): Sa l a tmosa ik . Ein Sammelber i ch t . Z. P f l K r a n k h . , 59, 275 — 277. 
B R O A D B E N T , L . — T I N S L E Y , T . W . — B U D D I N , W . — R O B E R T S , E . T . ( 1 9 5 1 ) : T h e s p r e a d o f l e t t u c e 
mosa ic virus in t h e f ie ld . Ann. Appl . Biol., 38, 689 — 706. 
BRUCKART, W . L. —LORBEER, J . W. (1975): Recen t occurrence of cucumber mosaic , l e t tuce 
mosa ic and b road b e a n wilt viruses in l e t tuce a n d celery f ie lds in New York . P l a n t Dis. 
R e p . , 59, 2 0 3 - 2 0 6 . 
CAMPBELL, R . N . — G R O G A N , R . G . — P U R C I F U L L , D . E . ( 1 9 6 1 ) : G r a f t t r a n s m i s s i o n o f b i g v e i n 
of le t tuce . Virology, 15, 82 — 85. 
CANNIZZARO, G . — R O S C I G L I O N E , В . — R U S S O , M . ( 1 9 7 5 ) : M i x e d i n f e c t i o n s o f l e t t u c e m o s a i c 
a n d cucumber m o s a i c viruses on Lacluca spp. in Sicily. P h y t o p a t h . Medit. , 14, 113 —118. 
CHOD, J . — P O L Á K , J . — N Ó V Á K , M . — J O K E S , M . ( 1 9 7 3 ) : I n t r a c y t o p l a s m i c i n c l u s i o n s i n c e l l s o f 
l e t t u c e leaves w i t h mosaic-l ike s y m p t o m s . Biol. P l an t . , 15, 208 — 216. 
CHRISTIE, R. G. —EDWARDSON, J . R. (1977): L ight and e lec t ron microscopy of p l a n t virus 
inclusions. Flor ida E x p . S ta t . Monograph . Ser., 9, 1 — 150. 
C H R I S T I E , S . R . — E D W A R D S O N , J . R . — Z E T T L E R , F . W . ( 1 9 6 8 ) : C h a r a c t e r i z a t i o n a n d e l e c t r o n 
microscopy of a v i r u s isolated f r o m Bidens and Lepidium. P l a n t Dis. Rep. , 52, 763 — 768. 
COCK, L . J . ( 1 9 6 8 ) : V i r u s d i s e a s e s o f l e t t u c e . N . A . A . S . Q u a r t . R e v . , 7 9 , 1 2 6 — 1 3 8 . 
COSTA, A . S . — D U F F U S , J . Е . ( 1 9 5 8 ) : O b s e r v a t i o n s o n l e t t u c e m o s a i c i n C a l i f o r n i a . P l a n t D i s . 
R e p . , 4 2 , 5 8 3 - 5 8 6 . 
DROST, H . J . M. (1965): Enke l e nieuwe v i rusz iekten b i j sla en komkommer . O p t r e t e n en 
Symptomen. N e t h . J . PI. Pa thol . , 71, 60. 
DUFFUS, J . Е . (1960): T w o viruses t h a t induce s y m p t o m s typ ica l of J u n e yellows in le t tuce . 
P l a n t Dis. Rep. , 44, 406—408. 
DUFFUS, J . Е . (1964): B e e t yellow s tun t vi rus . P h y t o p a t h o l o g y 54, 1432 (Abstr.) . 
DUFFUS, J . E . —ZINK, F . W . —BAHDIN, R . (1970): N a t u r a l occurrence of sowthis t le yellow 
ve in virus on l e t t uce . Phy topa tho logy , 60, 1383 — 1384. 
EDWARDSON, J . R. (1974a) : Some proper t ies of t he p o t a t o v i rus Y-group . Flor ida Agr . E x p . 
S t a t . , Monograph . Ser . , 4, 1 — 398. 
EDWARDSON, J . R. (1974b) : H o s t ranges of viruses in t he PVY-group . Florida Agr . E x p . S ta t . , 
Monograph . Ser., 5 , 1 — 225. 
FRANCKI, R . I. В. —RANDLES, J . W. (1970): Le t t uce necrot ic yellows virus. C.M.I . /A.A.B. 
Descr ipt ion of p l a n t viruses. No. 26. 
FROWD, J . A.—TOMLINSON, J . A. (1972a): The isolat ion and iden t i f ica t ion of pa r s l ey viruses 
occurr ing in B r i t a i n . Ann . Appl. Biol., 72, 177 — 188. 
FROWD, J . A.—TOMLINSON, J . A. (1972b): Rela t ionships b e t w e e n a parsley vi rus , n a s t u r t i u m 
r ingspo t virus a n d b r o a d bean wilt v i rus . Ann . Appl . Biol. , 72, 189 —195. 
FRY, P . R . (1952): L e t t u c e mosaic. N. Z. J . Sei. Techn. , Sect . A., 33, 52—63. 
F R Y , P . R . — C L O S E , R . C . — P R O C T E R , C. H . — S U N D E , R . ( 1 9 7 3 ) : L e t t u c e n e c r o t i c y e l l o w s v i r u s 
in New Zealand. J . Agr . Res., 16, 143 —146. 
GIPPERT, R . (1973): Gurkenmosa ik-Vi rus als Ursache von Mosaikerscheinungen a n Salat . 
G a r t e n b a u . 20, 55. 
G I P P E R T , R . — S C H M E L Z E R , K . ( 1 9 7 5 ) : N a t ü r l i c h e r B e f a l l d u r c h d a s A c k e r b o h n e n w e l k e - V i r u s 
beim Kopfsa la t (Lactuca saliva L.). Zbl. B a k t . Ab t . I I . 130, 11 — 14. 
GROGAN, R . G. —WELCH, J . E.—BARDIN, R . (1952): Common l e t t uce mosaic and i ts con t ro l b y 
t h e use of mosaic- f ree seed. P h y t o p a t h o l o g y , 42, 573 — 578. 
GROGAN, R . G.—SNYDER, W . C. —BARDIN, R . (1955): Diseases of le t tuce. Calif. Agr . E x p . 
S t a t . Cir.. 448, 1 — 28. 
HALL, С. M. —BENNETT, A. H . (1970): Inc idence of l e t tuce mosa ic virus in i m p o r t e d le t tuce 
seed. P lan t Pa tho l . , 19, 1 9 4 - 1 9 5 . 
H A R R I S O N , B . D . — F I N C H , J . T . — G I B B S , A . J . — H O L L I N G S , M . — S H E P H E R D , R . J . — V A L E N T A , 
V. —WETTER, C. (1971): Sixteen groups of p l an t viruses . Virology, 45, 356 — 363. 
HEIN, A. (1963): Über e in V o r k o m m e n des Sa la tnekrosev i rus in Wes tdeu t sch land . Nachr ich-
t enb l . Deut . P f l anzenschu tzd . , 15, 17 — 20. 
H E I N , A . ( 1 9 7 6 ) : V i r u s k r a n k h e i t e n b e i K o p f s a l a t . G a r t e n b a u , 3 0 , 6 9 2 — 6 9 4 . 
HORVÁTH, J . (1976): V í rus -gazdanövénykörök és v í rusdi f fe renc iá lás (Virus hos t p l a n t s and 
v i rus d i f fe ren t ia t ion) . Akad . Dok t . É r t . , B u d a p e s t — Kesz the ly . 
7* Acta Agronomica Academiae Scientiarum Hungaricae 29, 1980 
6 6 VARIA 
HORVÁTH, J . (1979) : N e w artificial h o s t s a n d n o n - h o s t s of p l a n t v i ruses a n d t h e i r role in t h e 
iden t i f i ca t ion a n d separa t ion of v i ruses . V I I I . P o t y v i r u s group ( S u b d i v i s i o n - I I ) : B e a n 
yellow m o s a i c v i rus and l e t t u c e mosaic v i rus . A c t a P h y t o p a t h . H u n g . , 14, in press . 
HORVÁTH, J . — SZIRMAI, J . (1975): Tropaeolum majus L . A n a t u r a l hos t p l a n t of n a s t u r t i u m 
r ingspot v i r u s i n H u n g a r y . P h y t o p a t h . Z.. 82, 122 — 127. 
JAGGER, I. C. (1921) : A t ransmiss ib le mosa ic disease of l e t tuce . J . Agr . Bes . , 20, 737 — 740. 
KASSANIS, В. (1947) : S tudies on d a n d e l i o n mosaic a n d o t h e r v i rus d iseases of l e t t uce . A n n . 
Appl . Biol . , 34 , 4 1 2 - 4 2 1 . 
KEMPER, A. (1962): Z u m Auf t r e t en v o n S a l a t m o s a i k v i r u s a n Sala t (Lactuca sativa L . ) u n d a n 
K r e u z k r a u t (Senecio vulgaris L . ) . Z. P f l K r a n k h e i t e n , 69, 653—663. 
L I N , M . T . — C A M P B E L L , К . N . — S M I T H , P . В . — T E M M I N K , J . H . M . ( 1 9 7 0 ) : L e t t u c e b i g v e i n 
virus t r a n s m i s s i o n by single s p o r a n g i u m isola tes of Olpidium brassicae. P h y t o p a t h o l o g y , 
60, 1 6 3 0 - 1 6 3 4 . 
MARINI, E . (1955): U n a virosi t r a n s m e s s a per seme: II mosa ico della l a t t u g a . B i v . Or to f lo ro -
f ru t t i c . I t a l . , 39 , 4 4 9 - 4 5 4 . 
MARROU, J . (1960): Inocu la t ion m é c h a n i q u e du v i rus de la mosaïque de la l a i t ue . E t . Virol. 
Appl. , 1, 2. 
MARROU, J . (1961): B ô l e des t r a i t m e n t s aphic ides d a n s l a l u t t e cont re la m o s a ï q u e de la i tue et 
cul ture m a r a i c h è r e . E t . Virol. A p p l . , 2, 71 — 77. 
M A R R O U , J . — D U T E I L , M . — L E C L A N T , F . — C A D I L H A C , В . — E S V A N , C. ( 1 9 7 6 ) : D e m o n s t r a t i o n o f 
broad bean w i l t v i rus ( B B W V ) in le t tuce w i t h m o t t l e s y m p t o m s . A n n . P h y t o p a t h . 8, 
4 6 1 - 4 6 9 . 
MAYHEW, D. E . —MATSUMOTO, T.T. (1978): B o m a i n e l e t tuce , a new h o s t f o r t obacco r a t t l e 
virus. P l a n t D i s . Вер . , 62, 553—556. 
MCLEAN, D. L. —KINSEY, M. G. (1962): T h r e e v a r i a n t s of l e t t uce mosaic v i r u s a n d m e t h o d s 
utilized for d i f f e r en t i a t i on . P h y t o p a t h o l o g y , 52, 403 — 406. 
M O R A N D , J . C . — P O U T I E R , J . C. ( 1 9 7 8 ) : L e s t a c h e s e n a n n e a u x d e l a l a i t u e , u n e s o u c h e d u 
" t o m a t o b l a c k r ing vi rus" . A n n . P h y t o p a t h o l . , 10, 101—102. 
NAGI, A. (1975): B e i t r a g zum v e r m u t l i c h e n V o r k o m m e n des beet w e s t e r n yel lows v i r u s 
(BWYV) in E u r o p a . P h y t o p a t h . Z. 82, 1 4 6 - 1 5 1 . 
NITZANY, F. E . (1975) : Beview of v e g e t a b l e v i rus d iseases in Israel and t h e i r con t ro l . P l a n t 
P ro t . Bull . , 2 3 , 1 4 8 - 1 5 6 . 
NITZANY, F. E . —COHEN, S. (1963): T h e use of l e t t u c e seed f ree of l e t t u c e mosa ic v i rus in 
Israel. P h y t o p a t h . Medit. , 2, 299 — 300. 
NITZANY, F . E . —MARROU, J . P. (1970): V i r u s diseases of vege tab le p lan t s in t h e M e d i t e r r a n e a n 
region. P h y t o p a t h . Medit. , 9, 66 — 70. 
PELET, F. (1964): L a mosa ïque de la l a i t u e à l ' é t r ange r e t en Suisse. O b s e r v a t i o n s sur la s i tua -
t ion san i t a i re e t le c o m p o r t m e n t des var ié tés de l a i tues . La Becherche Agr . , 3, 182 —222. 
POLÁK, J . —CHOD, J .—JOKES, M. (1974): Checking of t h e re l iabi l i ty of t h e t r a n s m i s s i o n of t h e 
le t tuce mosa i c v i r u s by means of mechan ica l i n o c u l a t i o n and t es t ing fo r t h e p re sence of 
t h e virus in t h e seeds of some l e t t u c e var ie t ies . V é d e c k é Práce , 19, 5 —10. 
PROVVIDENTI, В . (1973) : Occurrence of l e t t u c e mosaic v i r u s in Pisum sativum. P l a n t Dis. В е р . , 
57, 6 8 8 - 6 9 0 . 
PROVVIDENTI, E . —SCHROEDEB, W. T . (1972) : N a t u r a l i n fec t ion of Spinacia oleracea b y l e t t uce 
mosaic v i rus . P l a n t Dis. Вер. , 56 , 281 — 284. 
PURCIFULL, D. E . (1968) : Occurrence of a t u r p i p mosa i c v i r u s in Flor ida . P l a n t Dis. Вер . , 52, 
7 5 9 - 7 6 0 . 
PURCIFULL, D. E . — ZITTER, T. A. (1971): V i rus diseases a f f e c t i n g le t tuce a n d end ive in F lor ida . 
Florida S t a t e H o r t . Soc., 84, 165 — 168. 
P U R C I F U L L , D . E . — C H R I S T I E , S . В . — Z I T T E R , T . A . — B A S S E T T , M . J . ( 1 9 7 1 ) : N a t u r a l i n f e c t i o n 
of le t tuce a n d e n d i v e by b idens m o t t l e v i rus . P l a n t Dis. Вер. , 55, 1061 — 1064. 
B A G O Z Z I N O , A . — C A I A , В . — X A F I S , C . ( 1 9 7 1 ) : I v i r u s p a t o g e n i d e l l a l a t t u g a i n C a m p a n i a . B i v . 
O r t o f l o r o f r u t t i c . I ta l . , 4, 356 — 376. 
BANDLES, J . W. -CROWLEY, N. C. (1970) : E p i d e m i o l o g y of l e t tuce necro t i c ye l lows v i r u s in 
Sou th A u s t r a l i a . I . Be la t ionship b e t w e e n disease inc idence and a c t i v i t y of Hyperomyzus 
lactucae (L.) . A u s t r . J . Agr. Bes . . 21, 447. 
BANDLES, J . W. —CARVER, M. (1971): E p i d e m i o l o g y of l e t t u c e necrot ic yel lows v i r u s in S o u t h 
Austra l ia . I I . D i s t r i b u t i o n of v i r u s , h o s t p lan t s a n d vec tors . Aus t r . J . A g r . Bes . , 22, 231. 
SARIC, A. —WRISHER, M. (1977): The e f f e c t of l e t tuce m o s a i c v i rus on p l a n t cells. P h y t o p a t h . 
Z., 90, 2 7 - 3 0 . 
SCHMELZER. К . WOLF, P . (1969): N a c h w e i s des B ingmosa ik -Vi rus der K a p u z i n e r k r e s s e 
( n a s t u r t i u m r i n g s p o t virus) in T r o m p e t e n b a u m (Cata lpa bignonioides W a l t . ) u n d Möhre 
(Daucus carota L.) . Zbl. B a k t . A b t . , I I . . 123, 577 — 579. 
Acta Agroncmica Acadcrriae Scientiarurr. Kunrcricae 29, 1980 
VARIA 6 7 
SCHMELZER, К . —WOLF, P . (1971): Wi r t sp f l anzen der Viren und Virosen Europas . J o h a n n 
Ambros ius Ba r th , Leipzig 1971. 
S C H M E L Z E R , K . — W O L F , P . — G I P P E R T , R . ( 1 9 7 7 ) : G e m ü s e p f l a n z e n . I n : K L I N K O W S K I , ' M . et al.: 
Pf lanz l i che Virologie. Band 3., Die Virosen an Gemüsepf lanzen , Obs tgewächsen und 
We in reben in E u r o p a . Akademie Ver lag, Berl in 1977. 1 — 138. 
SHUKLA, D . D. — SCHMELZER, K. (1972): Studies on viruses and v i rus diseases of cruciferous 
p l a n t s . I I I . N a s t u r t i u m r ingspot v i rus in Sinapis alba L. Ac ta P h y t o p a t h . H u n g . . 7, 
147 — 156. 
SHUKLA, D. D. — SCHMELZER, К . (1973a): S tudies on viruses and v i rus diseases of cruciferous 
p l a n t s . X I V . Cucumber mosaic v i rus in o r n a m e n t a l and wild species. Acta P h y t o p a t h . 
H u n g . , 8, 1 4 9 - 1 5 5 . 
SHUKLA, D . D. —SCHMELZER, К . (1973b): S tudies on viruses and v i rus diseases of cruciferous 
p l a n t s . X I I I . Cabbage black r ing, n a s t u r t i u m r ingspot and a l fa l fa mosaic v i ruses in 
o r n a m e n t a l and wild species. Ac ta P h y t o p a t h . Hung . , 8, 139 —148. 
SMITH, К . M. — SHORT, M. E . (1959): L e t t u c e r ingspo t : A soil borne v i rus disease. P l a n t Pa tho l . , 
8 , 5 4 - 5 6 . 
STEFANAC, Z. — MAMULA, D. (1976): Iden t i f i ca t ion of le t tuce mosaic v i rus in le t tuce in Croatia. 
Z a s t i t a bil ja, 27, 2 7 9 - 2 8 8 . 
STUBBS, L. L. — GROGAN, R . G. (1963): Necro t ic yellows: A newly recognised virus disease of 
l e t t uce . Austr . J . Agr. Res. , 14, 439. 
SZIRMAI, J . (1957): A s a l á tamoza ik meghonosodása Magyarországon (The i n t roduc t i on of let-
t u c e mosaic virus in Hunga ry ) . Növény te rme lé s , 6, 225 — 232. 
THOMSON, A. D. —PROCTER, С. H . (1965): Cucumber mosaic v i rus in le t tuce . N.Z. J . Agr. 
R e s . , 9 , 1 4 2 - 1 4 4 . 
TOMLINSON, J . A. (1970): Le t tuce mosaic virus . C.M.I./A.A.B. Descr ip t ion of p l a n t viruses. 
N o . 9. 
ULLRICH, J . (1954): U n t e r s u c h u n g e n übe r Sa la tmosa ik . Nachr ich tenbl . D e u t . P f l anzenschu tzd . , 
6 , 1 8 2 - 1 8 4 . 
Van HOOF, H . A. (1956): Verschil in reac t ie v a n wilds sla ten opz ich te v a n b e s m e t t i n g hat 
s lamozaiek virus. T i jdschr . PL z iekten . 62, 285 — 290. 
Van HOOF, H . A. (1959): Seed t ransmiss ion of l e t tuce mosaic virus in Lactuca serriola. T i jdschr . 
P l . z iekten, 65, 44—46. 
VERHOYEN, M. (1965): Iden t i f i ca t ion de cer ta ins v i rus de la lai tue en Belgique. Meded. Land-
b o u w h . Gent. , 30, 1728 — 1742. 
WALKEY, D . G. (1967): Chlorotic s t u n t of l e t tuce caused by arabis mosa ic virus. P l a n t Pa thol . , 
16, 2 0 - 2 3 . 
WEIDEMANN, H. L. (1977): U n t e r s u c h u n g e n zur Anfäl l igkei t von Sa la tmosa ikv i rus rez i s t en tem 
K o p f s a l a t f ü r Gurkenmosa ik- u n d Ackerbohnenwelkev i rus . Nach r i ch t enb l . Deut . 
P f l anzenschu tzd . , 29, 9 9 - 1 0 1 . 
WEIDEMANN, H. L. —ROHLOFF, H. (1976): Un te r suchungen über Sa la t - u n d Gurkenmosa ik -
v i r u s in F re i l andbes tänden des Kopfsa la t e s . Nachr ich tenbl . D e u t . P f l anzenschu tzd . . 
28, 1 0 6 - 1 0 9 . 
WOLF, P . (1970): V i rusk rankhe i t en der Petersi l ie (Petroselinum crispum [Mill.] N y m . ) . Acta 
P h y t o p a t h . Hung . , 5, 95 — 111. 
WOLF, P . —SCHMELZER, K . (1972): U n t e r s u c h u n g e n an Vi rusk rankhe i t en der Umbel l i fe ren . 
Zbl . B a k t . Abt . , I I . 127, 6 6 5 - 6 7 2 . 
ZINK, F . W . — DUFFUS, J . E . (1972): Associat ion of bee t western yel lows and l e t t uce mosaic 
v i ruses with in te rna l rib necrosis of l e t tuce . Phy topa tho logy , 62, 1141 — 1144. 
ZITTER, T . A. —GUZMAN, V. L. (1974): Inc idence of le t tuce mosaic a n d bidens m o t t l e viruses 
in l e t tuce and escarole fields in F lor ida . P l a n t Dis. Rep. . 58, 1087 —1091. 
I M P O R T A N C E O F P A R A M E T E R S O F R E P R O D U C T I O N 
IN D A I R Y COW E V A L U A T I O N O N T H E B A S I S O F H U N G A R I A N E X P E R I M E N T S 
T h e high impor tance of r ep roduc t ive biology in cat t le b reed ing is wel l -known. The 
p ro f i t ab l e reproduct ive capac i ty of t he popu la t ion will not only increase t h e n u m b e r of calves, 
b u t even prosperously inf luence milk p roduc t ion . 
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Table 1 
Comparison of production and reproductive biological 
N u m b e r of Average of 
Populat ion l ac t a t ion a n d a n n u a l Milk Bu t t e r f a t 
yields 
kg cv kg cv 
" A " 418 6398 23 223 25 
" B " 354 4331 23 206 24 
Difference compared to " B " 
absolute +2067*** + 17* 
relat ive (%) + 48 + 8 
Average yields 
" A " 308 5982 34 213 35 
" B " 231 4640 20 221 21 
Difference compared to " B " 
absolute + 1342* — 8 
relat ive (% ) + 29 — 4 
* P < 5 % ; * * P < 1 % ; * * * P < 0 . 1 % . 
In H u n g a r y several au thors h a v e studied the in f luence of calving in terval on milk and 
beef production. T h u s , KESERŰ (1976) pointed out in his inves t iga t ions t h a t by increasing t he 
ca lv ing interval f r o m 12 to 17 m o n t h s a n d supposing 8 yea rs of p roduc t ive life, the n u m b e r of 
ca lves born will decrease f rom 8 t o 5.6. Wi th an ave rage lac ta t ion per formance of 4000 kg 
m i l k , the life yield of t he cow will b e only 22,400 kg mi lk ins tead of 32,000 kg. Bozó et al. 
(1976) stated t h a t a decrease of 20 d a y s in the calving in te rva l resu l t s in a 5.7% increase in 
m i l k yield. HÁMORI — LELKES (1971) f o u n d a 3.29% increase in milk p roduc t ion per yea r when 
t h e calving in te rva l was shortened b y 1 month . Accord ing to t he calculat ions of ENGEL — 
SÁNDI (1977), decreas ing the calving in te rva l by 1 m o n t h resul ts in a n increase of 4 .74% in 
t h e calf number. HORN et al. (1972) s t a t e d t h a t a p o p u l a t i o n hav ing a lower live weight a n d 
J e r s e y gene-ratio, p r o d u c e d 9.9% m o r e calves t han a H u n g a r i a n F leckvieh control popula t ion . 
W h e n processing a l a rge number of d a t a f rom the U S A Bozó — DUNAY (1976) came to t he 
conclus ion tha t ca lv ing difficulties, as fac to rs with a d i s advan tageous inf luence on prol if icacy, 
a r e highly corre la ted wi th the b o d y size of the cow. 
In our e x p e r i m e n t s , based on p rac t i ca l results, i t was hoped to o b t a i n an answer to t he 
q u e s t i o n : how mi lk product ion will be influenced b y reproduc t ive biological pa rame te r s . 
A comparison was made b e t w e e n the reproduc t ive pa r ame te r s a n d the product ion of 
t w o herds of d i f f e r e n t genotype-groups , kep t on t he s a m e f a r m a t t h e same t ime, u n d e r a 
s imi la r management sys tem. The a v e r a g e live weight of these herds was d i f ferent . Signif icant 
d i f fe rences also a p p e a r e d in their m i lk yield and b u t t e r f a t con ten t . The re were marked dif-
f e r ences in their r e p r o d u c t i v e p a r a m e t e r s , too. The f i r s t ( " A " ) popu la t ion comprised Hols te in-
F r i e s i an animals, t h e second ( " B " ) p o p u l a t i o n consisted of a " H u n g a r i a n Dai ry Brown C a t t l e " 
g r o u p , having a 5 0 % Je r sey + 50% H u n g a r i a n Fleckvieh gene-rat io, represent ing the 3rd —5th 
genera t ions of c rossbred cows. 
The rep roduc t ive pa ramete r s of b o t h herds were examined be tween 1971 and 1977. T h e 
service period, ca lv ing interval and n u m b e r of insemina t ions needed for effect ive p regnancy 
w e r e determined. G r e a t differences a p p e a r e d between t h e herds for these parameters , so our 
a i m was to clarify t he i r effects on mi lk product ion. L a c t a t i o n yields of b o t h genotype groups 
w e r e checked f r o m 1971 to 1977. S imi lar ly , the annua l milk yield and b u t t e r f a t p roduc t ion 
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indices for two populations with different genotypes 
lac ta t ions I—VI 
Service period 
F a t content Calving interval Fert i l i ty index 





















+ 6 3 * * 
+ 6 5 
76 
58 
for years I—V 
3.57 10 
4.77 I 12 
— 1.20*** 
—25 
were de te rmined for t h e same period. The differences in r ep roduc t ive t ra i t s for b o t h genotype-
g roups and in t he p a r a m e t e r s of l ac ta t ion and annua l yields were also demons t r a t ed . The results 
are given in Table 1. 
W i t h respect t o t he average lac ta t ion yield, the cows of popula t ion " A " produced 
2000 kg (48%) more milk and 17 kg ( 8 % ) more b u t t e r f a t t h a n t he individuals of popula-
t ion " B " , b u t when considering t he average annua l milk yield th i s difference decreased t o 
1300 kg (29%) and a t t he same t ime, the cows of popu la t ion " B " produced 8 kg ( 4 % ) more 
b u t t e r f a t ! This can be explained ( together wi th t h e devia t ion in the b u t t e r f a t pe rcen tage) b y 
t h e fac t t h a t the indiv iduals of group " B " were s ignif icant ly superior in the i r r ep roduc t ive 
t r a i t s : their calving in te rva l was 65 days shor ter , which represen ts a 24% di f ference in calf 
p roduc t ion . 
The effect of t he reproduc t ive biological s t a t e of t he he rd on milk p roduc t i on is well 
d e m o n s t r a t e d by consider ing to w h a t ex ten t a cow can r epea t her lac ta t ion milk yield dur ing 
t he nex t year . This is shown in Table 2. 
The di f ference be tween annua l and l ac ta t ion yields depends on: 
— length of calving in terval , 
— da te ( t ime) of beginning of lac ta t ion , a n d 
— difference be tween the cur ren t l ac ta t ion resul t and t h e yield in the previous lac ta t ion . 
Of these, t h e ef fec t of the f i rs t fac tor is decisive. The second factor is negligible when 
calvings are cont inuous ly and uni formly d i s t r ibu ted dur ing the year . As fa r as t h e th i rd po in t 
is concerned, l ac t a t ion yields should increase annua l ly (up to a certain age), in accordance 
w i t h t he well-known higher produc t ion poten t ia l of subsequen t lac ta t ions . Table 2 d e m o n s t r a t e s 
t h a t th is asserted itself well in popula t ion " B " , b u t t he worse reproduct ive p a r a m e t e r s in 
popula t ion " A " , which has higher p roduc t ion poten t ia l , did not lead to th is r egu la r i ty . 
I t has been p roved unanimous ly by our d a t a t h a t t he reproduct ive biological pa ram-
eters m u s t def in i te ly be considered when eva lua t ing the milk product ion of t h e da i ry cow. 
In breeding, where the pr ime in ten t ion is to increase product iv i ty , i t m a y be ad-
van tageous to use l ac ta t ion yields. However , p rof i tab le p roduc t ion , which is pr imar i ly of 
in teres t for p roduc ing f a rms , is expressed m u c h be t t e r by t he annua l p roduc t ion , since cows 
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Table 2 
Differences in lactation and annual yields 
Population " A " Populat ion " B " 
N u m b e r of 
lac ta t ions and 
of a n n u a l yields 
Lac t a t i on 
Annual milk yield 
Lactat ion 
Annual milk yield 
milk yield, 
kg kg 




as % of 
lactat ion 
I 5466 5572 102 3191 3805 119 
I I 6028 5844 97 3951 4542 115 
I I I 6838 6028 88 4435 4636 105 
IV 7374 5824 79 4643 4934 106 
V 6851 6644 96 4774 5285 111 
may con t inue to p roduce a f t e r the 300 d a y s of l ac ta t ion , while the result of the succeeding 
years also expresses t he calf product ion. 
O u r da ta make it c lear tha t high genet ic capaci ty for lac ta t ion yields is of l imited va lue , 
if it c a n n o t assert itself in annual milk yields, which are of high f inancial in teres t for a milk 
p r o d u c i n g f a rm . 
F ina l ly it should be emphasized t h a t it was not the in ten t ion of this paper to m a k e a 
breed compar i son , b u t on ly to d e m o n s t r a t e the high e f fec t s of reproduc t ive pa r ame te r s on 
milk p r o d u c t i o n t h r o u g h pract ical results . 
* 
P r e p a r e d at t he D e p a r t m e n t of Animal H u s b a n d r y , Univers i ty of Veter inary Sciences, 
B u d a p e s t ; Agricultural College. K a p o s v á r ; Research I n s t i t u t e for Animal Produc t ion , Her -
ceghalom. 
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T H E R O L E O F T I T A N I U M I N P L A N T L I F E I I . 
F O L I A R N U T R I T I O N O F A L F A L F A W I T H T I T A N I U M S O L U T I O N 
Bes ides t h e use of t r a d i t i o n a l fer t i l izers t h e app l i ca t i on of v a r i o u s sp ray fer t i l izers is 
becoming m o r e and more wide - sp read in agr icu l tu ra l p r ac t i ce . I n a d d i t i o n t o m a c r o c o m p o n e n t s 
t h e y m o s t l y c o n t a i n those mic roe l emen t s (B, Cu, Mn, Zn , Mo) which, a c c o r d i n g to our p r e s e n t 
knowledge , p l a y an i m p o r t a n t role in t h e b iochemica l processes of p l a n t s . On the bas i s of 
several y e a r s of e x p e r i m e n t s ca r r i ed o u t wi th leaf s p r a y s t i t a n i u m c a n be included in t h e 
c a t e g o r y of u s e f u l mic roe lements . 
I n p r ev ious pub l i ca t ions a cons iderable inc rease h a s been r e p o r t e d in the c h l o r o p h y l l 
c o n t e n t of t h e leaves of e x p e r i m e n t a l p l a n t s a n d a pa ra l l e l increase in t h e sugar c o n t e n t s of 
g rape , a p p l e , t o m a t o and suga r -bee t in response t o fo l ia r nu t r i t ion w i t h t i t an ium s o l u t i o n 
( P A I S 1 9 7 4 , F E H É R 1 9 7 5 , P A I S et al. 1 9 7 7 ) . 
T h e r e su l t s of our i nves t iga t ions suggest t h a t t i t a n i u m as a m i c r o e l e m e n t has a w i d e 
range of a c t i o n which is no t conf ined t o ce r ta in p l a n t species . Consider ing t h a t a search is b e i n g 
m a d e all ove r t h e world fo r f u r t h e r w a y s to increase p r o t e i n p roduc t ion , fo l iar t i t a n i u m n u t r i -
t ion w a s app l i ed t o a l fa l fa , wh ich be longs to t h e f o d d e r p l an t species supp ly ing t h e l a r g e s t 
a m o u n t s of p ro t e in . 
I n c o - o p e r a t i o n w i t h t h e D e p a r t m e n t of A g r o n o m y of the H o r t i c u l t u r a l U n i v e r s i t y 
smal l p lo t e x p e r i m e n t s were set u p on t h e Soroksár t r i a l g rounds of t h e un ive r s i ty in t h e y e a r s 
1976 a n d 1977. Foliage sp ray ing was app l ied to t h e a l f a l f a var ie ty N a g y s z é n á s i p lan ted in 1975. 
The 15 m 2 p lo t s , a r r anged in a spl i t -p lo t des ign w i t h s ix repl icat ions , w e r e sprayed twice w i t h 
a h a n d s p r a y e r before each c u t t i n g . 
T h e so lu t ion used fo r fo l iar n u t r i t i o n c o n t a i n e d t i t a n i u m in t h e f o r m of a c h e l a t e -
complex (PAIS —FEHÉR 1975). Alongs ide t h e con t ro l p lo t s two t r e a t m e n t s , one wi th a l ower 
and t h e o t h e r w i th a h igher c o n c e n t r a t i o n of ac t ive a g e n t , were set u p . I n t h e tables t r e a t m e n t 
1 r e p r e s e n t s 1 g T i / h a , a n d t r e a t m e n t 2 m e a n s t h a t 5 g Ti /ha were c o n t a i n e d in t h e s p r a y 
fert i l izer app l i ed ; each p l o t was s p r a y e d wi th 3 l i t res of solut ion at t h e c o n c e n t r a t i o n r e q u i r e d . 
The l icensed sp ray c o n t a i n s t i t a n i u m chela te only; t h e e f fec t of the c h e l a t e - f o r m i n g c o m p o u n d 
was con t ro l l ed in a s epa ra t e e x p e r i m e n t . 
T h e soil of t h e e x p e r i m e n t a l a r e a was sand f r o m t h e region b e t w e e n the r ivers D a n u b e 
and T i sza ; t h e p r e - p l a n t a t i o n d a t a a re p resen ted in T a b l e 1. The basic p r e - p l a n t a t i o n fe r t i l i za -
t ion cons i s ted of 75 kg /ha N, 94 k g / h a P 2 0 5 and 120 k g / h a K 2 0 . 
Table 1 
Soil analysis data for the experimental area 
p H 
H u m u s , 
% 
N P 2 O s Kfi Salt, 
% 
mg/100 g soil 
6.9 1.9 1.85 78.0 32.0 0.02 
T h e f i r s t e x p e r i m e n t , car r ied o u t in 1976, w a s a pilot s t udy : s p r a y i n g was ca r r i ed ou t 
on two occas ions and t h e q u a n t i t y of t h e green c rop , t h e protein c o n t e n t s of the s amples a n d 
the c a t a l a s e e n z y m e ac t iv i ty in t h e leaves were m e a s u r e d . Since pos i t ive resu l t s were o b t a i n e d 
the e x p e r i m e n t a l series was con t inued in 1977; t h e resu l t s of the l a t t e r a re presented in t h i s 
pub l i ca t ion . 
D a t e s of opera t ions : f i r s t sp ray ing : 21st a n d 2 8 t h April; f i rs t c u t t i n g : 11th May; second 
sp ray ing : 2 6 t h May and 3rd J u n e ; second c u t t i n g 16 th J u n e ; th i rd s p r a y i n g : 27th J u n e a n d 
4 th J u l y ; t h i r d cu t t ing : 11th J u l y . 
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Table 2 
Fresh yield of alfalfa per cutting and in total after foliar nutrition, 1977 
D a t a of samples 
Fresh yield 
k g / p l o t q /ha % 
1st cutting 
Cont ro l 23.66 157.77 100.0 SD5% = 1.248 
T r e a t m e n t 1 24.81 165.44 104.8 Lvalue = 6.16 
T r e a t m e n t 2 25.65 171.00 108.3 
2nd cutting 
Cont ro l 15.62 104.16 100.0 SDs% = 0.388 
T r e a t m e n t 1 16.36 109.08 104.7 Lvalue = 19.06* 
T r e a t m e n t 2 16.67 111.14 106.7 
3rd cutting 
Cont ro l 17.60 117.33 100.0 S D 5 0 / 0 = 0.635 
T r e a t m e n t 1 18.56 123.77 105.4 
•^value = = 5.75 
T r e a t m e n t 2 18.15 121.05 103.1 
Tota l : 
Cont ro l 56.25 379.26 100.0 SD5% = 1.306 
T r e a t m e n t 1 59.70 398.29 105.4 Lvalue = 29.41* 
T r e a t m e n t 2 60.48 403.20 106.3 
* Significant a t P < 0 .1%. 
Yield t r e n d : The data in T a b l e 2 show t h a t if the summar i zed results of t h e t h r ee 
cut t ings are t a k e n in to cons idera t ion both t r e a t m e n t s resulted in a s ignif icant increase in t he 
q u a n t i t y of g r e e n crop compared t o t h e control. T h e lower concen t ra t ion of leaf-spray caused 
a more uni form y i e ld increase: e a c h of the three c u t t i n g s gave a p p r o x i m a t e l y the same a m o u n t 
of surplus yield compared to t h e con t ro l . In the case of the higher concen t ra t ion the g r e a t e s t 
yield difference w a s obtained w i t h t h e first cu t t ing . W i t h regards t o t h e to ta l yield t he r e was 
no essential d i f f e r ence between t h e t w o t r ea tment s . 
1. Analysis of components . T h e protein c o n t e n t of the a l fa l fa samples was d e t e r m i n e d 
w i t h the spec t ropho tomet r i c m e t h o d elaborated b y LOWRY et al. (1951). Ex t i nc t i on was 
registered at 750 n m with a " S p e k o l UV-VIS" spec t ropho tomete r . T h e resul ts of the examina -
t i ons are s u m m e d u p in Table 3. A s seen from the t a b l e , in t r e a t m e n t 1 t h e amount of p ro t e in 
increased in t he samples f rom all t h r e e cuttings. H o w e v e r , the h igher t i t a n i u m concen t ra t ion 
caused an e x t r a o r d i n a r y increase i n pro te in content in t he first phase of t h e vegetat ion per iod , 
whi le in the s a m p l e s f rom the second and third c u t t i n g s some inh ib i t ion was observed. 
2. The c a r o t e n e content w a s determined accord ing to the s t a n d a r d MEM 384-71-S.19. 
T h e results are s h o w n in Table 4. As a response to fo l ia r nutr i t ion t h e carotene content in t h e 
a l fa l fa leaves g r e a t l y increased; t h e higher t i t a n i u m concentra t ion was found to he more 
efficient. The F - t e s t pointed ou t a difference s igni f icant at the P = 5 % level be tween t he 
t r ea tmen t s of t h e f i r s t and second cut t ings , while t h e a m o u n t of c a ro t ene found in the leaves 
a f t e r the third c u t t i n g indicated no significant d i f ference between t h e t r ea tmen t s . 
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Table 3 
Protein content in alfalfa samples 
after foliar nutrition 








Control 216 100.0 
T r e a t m e n t 1 234 108.3 
T r e a t m e n t 2 366 169.4 
2nd cutting 
Control 187 100.0 
T r e a t m e n t 1 231 123.5 
T r e a t m e n t 2 183 97.9 
3rd cutting 
Control 212 100.0 
T r e a t m e n t 1 216 101.9 
T r e a t m e n t 2 200 94.3 
Tab le 4 
Carotene content in alfalfa samples after foliar nutrition 
D a t a of samples 
Carotene content 




Contro l 69.16 100.00 S D 6 o / o = 29.66 
T r e a t m e n t 1 100.00 144.59 Fyalue = 6.2 
T r e a t m e n t 2 115.00 166.28 
2nd cutting 
Contro l 53.33 100.00 SD 5 % = 32.78 
T r e a t m e n t 1 86.66 162.49 value = 5.15 
T r e a t m e n t 2 99.16 185.93 
3rd cutting 
Contro l 110.83 100.00 s i V / o = 10.16 
T r e a t m e n t 1 101.66 91.72 Fvalue = 1.34 
T r e a t m e n t 2 118.33 106.76 
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3. In the alfalfa samples the t i t a n i u m was de te rmined b y spec t ropho tomet ry according 
to t h e me thod described earlier (FEHÉR 1975, PAIS et al. 1975). T i t a n i u m can also be detected 
in t h e stalks of a l fa l fa , b u t both in t he cont ro l and the t r e a t e d samples t he leaves contained 
f a r m o r e t i tan ium, a b o u t twice or two a n d a half t imes as m u c h . No significant difference could 
be po in ted out be tween t h e samples f r o m the various t r e a t m e n t s , as might be expected , since 
t he sp ray contained a v e r y low concen t ra t ion of t i t an ium. On the basis of Tab le 5 it can be 
ca lcu la ted tha t on an a rea of 1 ha the p l a n t s contain 400 — 500 g t i t an ium. This microelement 
q u a n t i t y is not excessively high compared t o the data of TONKONOZHENKO — KHLYUPINA (1974), 
who de te rmined the t i t a n i u m content in several plant species in the K r a s n o d a r area and found 
t he la rges t quanti t ies , as high as 2700 g / h a t i t an ium, in a l fa l fa . The resul ts ob ta ined by these 
a u t h o r s can probably be explained by t h e presence of a re lat ively high t i t a n i u m content 
in t h e soil. 
Table 5 
Determination of titanium in alfalfa samples 
Titanium con ten t in dry 
Da ta of samples m a u e r , p p m  
leaf s ta lk 
1st cutting 
Control 56.4 19.4 
T rea tmen t 1 61.8 33.7 
Trea tment 2 59.2 37.8 
2nd cutting 
Control 50.9 20.8 
Trea tmen t 1 58.6 33.8 
Trea tmen t 2 63.0 34.6 
3rd cutting 
Control 53.2 21.4 
T rea tmen t 1 62.0 33.7 
T rea tmen t 2 60.5 30.8 
4. While s t udy ing t he mechanism of the biological ac t ion of t i t a n i u m on plants the 
ac t iv i t ies of various k inds of enzymes were measured. The f a c t t h a t the a m o u n t of chlorophyll 
in t h e leaves is increased by leaf sp ray ing suggests t h a t t h i s procedure has a favourable in-
f luence on the pho tosyn the t i c processes. I n leaves of vine a n d sugar-beet t r ea t ed wi th t i t an ium 
b o t h DOBROLYUBSKY (1962) and RUTSKAYA (1971) observed an increase in t he catalase act ivi ty . 
Similar results were o b t a i n e d on examin ing alfalfa leaves. 
FRENYO'S (1961) me thod was u s e d to measure t h e enzyme act iv i ty . The fresh leaf 
samples , t aken af ter c u t t i n g , were t ho rough ly washed, and r insed f irst wi th distil led and then 
w i t h ion-free water . T e n leaf discs each 3 m m in d iameter were used for each measurement . 
This a m o u n t of mater ia l proved suff ic ient t o register t he oxygen produced in Frenyó ' s glass 
t u b e capil lary. The vo lume of oxygen gas re leased in one m i n u t e depends on t he ac t iv i ty of the 
ca ta lase enzyme. Table 6 contains the ave rage results of t h e measurements . 
* 
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T a b l e 6 
The activity of the catalase enzyme 
in sprayed alfalfa leaves 
Data of samples mm'/minute 
1st cutting 
Cont ro l 4 3 8 . 0 0 SI>5% = 2 6 . 1 3 
T r e a t m e n t 1 4 8 6 . 6 7 ^ value = 1 4 0 . 2 8 * 
T r e a t m e n t 2 6 2 6 . 5 7 
2nd cutting 
Cont ro l 4 2 1 . 2 2 SD5O/O = 3 8 . 8 1 
T r e a t m e n t 1 5 0 0 . 4 2 ^value = 8 1 . 5 5 * 
T r e a t m e n t 2 6 4 0 . 6 8 
3rd cutting 
Cont ro l 3 9 5 . 0 7 S D 5 % = 5 7 . 4 4 
T r e a t m e n t 1 6 3 9 . 2 9 
'value = 4 5 . 8 6 * 
T r e a t m e n t 2 5 4 7 . 9 5 
* Signif icant a t P < 0 .1% 
P r e p a r e d a t the U n i v e r s i t y of H o r t i c u l t u r e , D e p a r t m e n t of Chemis t ry a n d D e p a r t m e n t 
of A g r o n o m y . 
M . F E H É R , К . K Á D Á R , Z . SZABÓ, G . GOMBKÖTŐ, О . L O H O N Y A I , I . PAIS 
R e f e r e n c e s 
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O T H . 1 5 0 . 3 7 9 ; F . S . - 5 4 2 . 
I .OWHY, O . H . — R O S E H R O U G H , N . J . — F A R R , A . L . — R A N D A L L , R . J . ( 1 9 5 1 ) : P r o t e i n m e a s u r e -
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r i t i ve e lements in h o r t i c u l t u r a l p l a n t s ) . Doc to r ' s d i s s e r t a t i o n , H u n g a r i a n A c a d e m y of 
Sciences, 183. 
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цессы и продуктивность з а х а р д о й свеклы. В.: Значение новых форм минеральных 
удобрений в увеличении производства сахарной свеклы. Киев. 254—266. 
TONKONOZHENKO, E . V. —KHLYUPINA, M. I. (1974): T i t a n i u m in soils and p l a n t s of the Krasno-
dar Terri tory. Pochvoved. , 3, 38 — 45. 
T H E E F F E C T OF T E M P E R A T U R E O N GROWTH H A B I T 
I N H O M O E O L O G O U S G R O U P 5 O F T R I T I C U M A E S T I V U M 
The method of aneuploid analys is has been used fo r studying the genetics of growth 
h a b i t in common w h e a t for nearly a q u a r t e r of a century (UNRAU 1950, SEAHS 1953, KUSPIRA — 
U N R A U 1 9 5 7 , K N O T T 1 9 5 9 , M O R R I S O N 1 9 6 0 , T S U N E W A K I — J E N K I N S 1 9 6 1 , T S U N E W A K I 1 9 6 6 , 
H A E L O H A N - B O Y D E L L 1 9 6 7 , R A J K I — R A J K I 1 9 6 9 , L A W 1 9 7 1 , 1 9 7 2 , L A W — W O R L A N D 1 9 7 3 ) . 
I t is unanimously agreed , that the chromosomes of homoeologous g roup 5 are essentially 
responsible for spr ing versus winter h a b i t . 
This paper r e p o r t s on the e f fec t of different t e m p e r a t u r e t r e a t m e n t s on the growth 
h a b i t of monosomies for homoeologous group 5 of Chinese Spring (CS), a n d the F, mono-
somies produced by crossing these w i t h t h e winter whea t variet ies R a n n y a y a 12 (Ran 12) and 
Mironovskaya 808 (Mir 808). 
The materials u s e d in this e x p e r i m e n t were CS 5 A, 5 B and 5D monosomies and disomies, 
t o g e t h e r with the F, hyb r id s formed b y crossing them w i t h R a n 12 and Mir 808. In the crosses, 
w h i c h were carried o u t in the nursery, t h e female p a r e n t s were CS monosomic and disomic 
l ines, the seed samples of which had b e e n obtained f r o m t h e Plant Breeding Inst i tute, Cam-
br idge in 1966. The vernalisation r e q u i r e m e n t of the w i n t e r variety R a n 12 is fairly short , 
whe rea s that of Mir 808 is long. 
The chromosome number of t h e p a r e n t s and the F j hybrids was de te rmined from root-
t i p mitosis, and was checked at f i rs t metaphase meiosis. Spike morphology also helped t o 
dis t inguish monosomies. 
Seed germinat ion and the p r e t r e a t m e n t of the seedlings were carried ou t in a phyto t ron 
c h a m b e r , with an 8 - h o u r night t e m p e r a t u r e of 5°C and a 16-hour day t e m p e r a t u r e of 10°C. 
A f t e r t he 14-day p r e t r e a t m e n t , the seedlings were t r a n s f e r r e d to three p h y t o t r o n chambers 
m a i n t a i n e d at d i f fe ren t temperatures . T h e night/day t e m p e r a t u r e s in the t h r e e chambers were 
5°/10°C, 10°/15°C a n d 15o/20°C respect ively. In all three chamber s the d a y l e n g t h was 16 hours, 
t h e illumination i n t e n s i t y 10,000 lux, a n d t h e relative h u m i d i t y 65% by d a y a n d 80% at night . 
The pots were distr ibuted a t r a n d o m in the c h a m b e r s . For each t r e a t m e n t 5 p lan ts 
were available. The n u m b e r of days r e q u i r e d for shooting a n d heading served as a criterion of 
g r o w t h habit. The d a y on which the g r o w t h rate changed f r o m linear to logist ic was taken as 
t h e shooting date. T h e day on which approximately half t he spike had emerged from the 
cover ing leaves was r eco rded as the h e a d i n g date. Two-fac to r analysis of va r i ance was used to 
e v a l u a t e the data col lected (SVÁB 1973). 
After the 14 d a y pre t rea tment a t 5 — 10°C, u n d e r artificial condit ions, the CS plants 
h e a d e d completely a t all temperatures , whi le at 15 — 20°C 5 0 % of the R a n 12 plants and 6 0 % 
of t h e Mir 808 plants fa i led to head (Tab le 1). The n u m b e r of days required for heading in CS 
a n d F j disomies increased as the t e m p e r a t u r e fell. CS 5A a n d 5D monosomies a t 5 —10°C and 
15 — 20°C, and F, 5A a n d 5D monosomies a t all t empera tu re s deviated signif icantly from the 
disomies . This d i f ference was greatest a t 15—20°C. In t h e F t generation, t h e 5D monosomies 
h e a d e d later than t h e 5A at all t e m p e r a t u r e s ; the 5B monosomies did no t d i f fer significantly 
f r o m t h e corresponding disomies. 
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Table 1 
The effect of temperature on the number of days required for heading 
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CS I F , CS X R a n 12 F , CS X Mir 808 
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+ 3 9 . 4 * * * 
96.8 
178.5+ + 
( + ) la ter or (—) earlier head ing of monosomies as compared t o t he corresponding disomies. 
* P < 0.05 + = 5 0 % of p lants no t headed 
*** P < 0.001 + + = 6 0 % of p lants no t headed 
Tab le 1 also d e m o n s t r a t e s t h a t t h e n u m b e r of days r e q u i r e d for h e a d i n g in the F[ 
disomic hybr ids CS X R a n 12 a n d CS X Mir 808 were closer t o t h e corresponding d a t a for CS 
t h a n t o those of the w in t e r variet ies , b u t dominance could n o t be considered as complete. 
The number of d a y s requ i red for shoo t ing was ca lcula ted as a percentage of t h a t re-
qui red for heading (Table 2). T h e da ta indica te t h a t for the CS d i somic this rat io r e m a i n e d con-
s t an t a t 5 —10°C and 10 —15°C, b u t increased a t 15—20°C. I n t h e case of both t h e F , disomies 
and t h e win te r variet ies t h i s va lue increased w i t h the rise in t e m p e r a t u r e . On c o m p a r i n g the 
F j monosomies , the lowest va lue was found for 5B and the h ighes t for 5D. 
T h u s t he number of d a y s required for shoot ing and h e a d i n g is inf luenced b y bo th the 
geno type a n d the t e m p e r a t u r e . Nor can the in t e rac t ion of these t w o factors be ignored , since it 
gave rise t o a mean square devia t ion , s igni f icant on the basis of t h e F-test . 
* 
Prepa red a t the Agr icu l tura l Research I n s t i t u t e of the H u n g a r i a n Academy of Sciences, 
Mar tonvásá r . 
J . S U T K A , E . R A J K I 
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Table 2 
The effect of temperature on the relationship between days for shooting 
and days for heading (°/0 ) 
Temperature 
(°C) 




1 5 — 2 0 
Monosomic 
lines CS F , CS X Ran 12 F , CS X Mir 808 
5A 56.9 65.9 63.8 
5B 56.7 58.5 57.9 
5D 58.3 65.1 65.6 
Disomies 57.9 58.4 62.3 
0 * 53.0 64.6 
5A 63.5 67.9 70.2 
5B 61.6 65.8 70.0 
5D 66.9 69.6 71.1 
Disomies 57.9 68.7 69.7 
65.3 70.9 
5A 70.9 76.3 78.5 
5B 62.2 69.1 77.0 
5D 70.6 78.6 83.0 
Disomies 65.0 73.3 76.0 
C * 71.5 77.3 
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C O M P A R A T I V E M O R P H O L O G I C A L A N D P H E N O L O G I C A L S T U D Y 
O N P L U M V A R I E T I E S 
The genus Prunus includes a large number of species a n d variet ies which are i m p o r t a n t 
f r o m the point of view of f ru i t growing. The ancestor of t he cu l t iva ted p l u m variet ies is still 
u n k n o w n , so i t is pa r t i cu la r ly d i f f icu l t to discover how t h e y are re la ted to each other . In t he 
classical exper iments of RYBIN (1936) P. spinosa L. and P. cerasifera E h r h . were found to he 
easi ly hybridized, especially when P. spinosa was the m o t h e r p l an t . According to recent d a t a , 
however , P. spinosa L. canno t be a componen t in the deve lopmen t of P. domestica L., except 
p e r h a p s in a few cases (SALESSES 1967, 1970, 1973, 1975). The chromosome conditions of 
Prunus species h a v e been s tudied b y a n u m b e r of au tho r s and t he resul ts conf i rm Ryb in ' s 
t h e o r y ( C R A N E — L A W R E N C E 1 9 5 2 , H A S K E L L — D o w 1 9 5 5 , M O R R I S O N 1 9 6 4 ) . 
In clearing u p t he unse t t l ed ques t ions considerable he lp m a y be offered b y the investiga-
a n d systemisat ion of t he cur ren t ly cul t iva ted and observed p lum var ie t ies as an aug-
m e n t a t i o n of genet ic a n d crossing exper iments . Apar t f r o m i ts posi t ive bo tan ica l usefulnes 
t h e work also enables a complex eva lua t ion of the var ie t ies to he made . 
Flower organiza t ion s tudies h a v e been carried ou t a t Cegléd since 1968. In the ma jo r 
genera of the subfami ly Prunoideae a numerical re la t ionship has been f o u n d between t he 
gynoec ium and the androec ium, namely , there is a negat ive correlat ion be tween pistil length 
a n d s tamen n u m b e r (SURÁNYI 1970, 1974, 1976). In the genus Prunus, in pa r t i cu l a r , the cor-
re la t ion may be connected wi th t he fe r t i l i ty condit ions of t he individual species, variet ies 
or clones. 
The sys temiza t ion , pomological descript ion and phenological charac te r iza t ion of p lum 
var ie t ies have been t he sub jec t of research for a long t ime . The number of variet ies which 
h a v e been dealt wi th is ve ry high. DAHL (1935) published i m p o r t a n t da t a on t h e flower s truc-
t u r e of plum var ie t ies , while RÖDER (1940) proceeded to systemize the var ie t ies ; some of his 
m e t h o d s were appl ied in the expe r imen t s described in t he present paper , t oge the r with in-
f o r m a t i o n p u b l i s h e d b y R É M Y ( 1 9 5 4 ) a n d T Ó T H ( 1 9 5 7 ) . 
The phenological charac te r iza t ion of the p lum var ie t ies in H u n g a r y was s ta r ted b y 
TÓTH (1957) and BRÓZIK (1960). T ó t h examined the full r ange of variet ies , while Brózik only 
dea l t wi th the mos t i m p o r t a n t f a r m a n d garden variet ies . VONDRÁCEK (1975) studied t he 
pomological ly i m p o r t a n t phenophases of some 100 var ie t ies a n d tr ied to f i n d t he majo r cor-
re la t ions between t he indiv idual phenophases . Thus , he f o u n d correlat ions be tween leaf-bud 
open ing and f lowering, leaf -bud opening a n d f ru i t r ipening, and between f lower ing and f ru i t 
r ipening; the corre la t ions were mos t s ignif icant for the g roup of t rue p lums. 
Our in teres t was aroused by these complex studies because no sa t i s fac to ry explanat ion 
h a d ye t been found for t he morphological differences be tween f lowers (SURÁNYI 1978). There-
fo re i t seemed exped ien t t o systemize t he variet ies f rom a botan ica l po in t of view (RÖDER 
1940, TERPÓ 1974) r a t h e r t h a n m a k i n g an empirical classif icat ion (TÓTH 1975, SURÁNYI 
1978). 
In the present pape r only half of our invest igat ions (which included 70 varieties) are 
descr ibed; those p resen ted here are character is t ic and i m p o r t a n t variet ies wi th f ixed taxon-
omic places. 
The plum va r i e ty collection was establ ished a t Cegléd in 1954 — 1955. S t a r t i n g in 1963, 
38 var ie t ies have been examined for t he m a j o r phenophases . The phenophases examined are: 
l ea f -bud opening, beg inn ing of f lowering, end of shoot g rowth , beginning of f r u i t colouring 
a n d ripening, beginning of discolourat ion of leaves and defol ia t ion. T r u n k g rowth , crown 
d i a m e t e r , crown he igh t and shoot g r o w t h a t the four card ina l points were measured every 
y e a r ( f rom 1960 onwards) . E a c h v a r i e t y was represented b y 5 t rees; the roo t s tock tvas cv. 
Myroba l an . The d a t a of t he 5 t rees per v a r i e t y were averaged and the charac ter i s t ic data of 
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the t rees , i.e. the phenophases , were processed using analysis of var iance wi th 8 replicat ions. 
The p h e n o p h a s e s are given as the number of d a y s f rom 1st J a n u a r y . 
I n 1970 informat ive surveys were m a d e concerning t h e vege ta t ive , a n d in p a r t the 
genera t ive organs. On 10 — 12th Ju ly t w e n t y shoots of each v a r i e t y were collected, and the 
6th a n d 7 t h leaves ( f rom t h e base) were m e a s u r e d for l eng th , w id th and l eng th of petiole. 
In the s a m e year 10 f r u i t s pe r var ie ty were weighed singly, as were their p u t a m e n s . 
T h e p u t a m e n index was d e t e r m i n e d b y t h e method of LÖSCHING — PASSECKER (1954) 
using t h e fo rmu la L2 /W • T , where L is t h e l eng th of the p u t a m e n . W its w i d t h , and T its 
th ickness . T h e f rui t yield w a s evaluated in t h e same way as t h e phenophases of t he variet ies, 
t h a t is, t h e crop years r ep re sen ted the rep l ica t ions . The a l t e rna te bear ing index was calculated 
a c c o r d i n g t o S C H U M A C H E R ( 1 9 6 5 ) . 
Yield di f ference of two successive years 
BBI-value - — X 100 
Jo in t yield of two successive yea rs 
P i s t i l length, s t a m e n number and r e l a t ive s tamen n u m b e r (i.e. the n u m b e r of s tamina 
per p l a n t divided by the l e n g t h of pistil) we re obta ined in each yea r f rom 1975 to 1977 f rom 
30 f lowers per var ie ty: t h e results p resen ted here are the averages of the t h r ee years . The 
petals were only measured in 1975, while pol len germinat ion a n d f i l ament su rvey were carried 
out in 1977. Pollen was o b t a i n e d when t he a n t h e r s dehisced. Approx ima te ly 80 —150 pollen 
grains were germinated on th ree occasions in a 10% saccharose solution. The suspension was 
incuba ted for 24 hours in s t eam-sa tu ra t ed glass tubs . 
F i r s t the taxa were compared , t h e n t h e individual self-fer t i l i ty groups were examined 
f rom t h e s a m e points of v iew. The compar i son of the 12 self-fert i le (S.F.), 6 semi-self-ferti le 
(S.S.F.) , 5 practical ly self-sterile (P.S.S.) a n d 15 self-sterile (S.S.) p lum var ie t ies required 
analysis of variance wi th a va ry ing n u m b e r of replications. 
F o r t h e most i m p o r t a n t factors cor re la t ion calculat ions were made , f i r s t using the 
averages of t he taxa , t h e n t h e full range of d a t a ; in the pape r only the l a t t e r are publ ished. 
T h e groups formed o n t he basis of pub l ica t ions by RÖDER (1940) and TERPÓ (1974) are 
p resen ted below; the i nd iv idua l species a n d g roups of variet ies were represented b y t he follow-
ing cu l t i va r s : 
1. Prunus cerasifera E h r h . : 
Alu t sche (S.S.); 
2. P. insititia Jusl . : 
Bódi (S .F . ) ; 
3. P. domestica L. convar . hungarica (L.) T e r p ó : 
a) Besz te rce i p lum clones: I l . b 28/5 (S .S .F . ) , I H . b 15/5 (S.S.F.) , IV.a 1/4 (P.S.S.) , IV.b 
25/1 (S.F.) and Beszterce i musca t (S .F . ) ; 
b) F o r e i g n varieties: I t a l i a n Prune (S .F . ) , Bühler F rühzwe t sche (S.F.). Bor sumer (S.F.). 
T r a g e d i a (S.S.), Belle de Louvain (S .S .F . ) ; 
4. P. domestica L. convar . subrotunda (L.) T e r p ó : 
K i rke (S.S.), Ontario (S .F . ) , Gelbe Apr ikosenp f l aume (S.S.), Gelbe H e r r e n p f l a u m e (S.S.). 
B u n t e r Perdrigon (S.F.) ; 
5. P. italica Borkh. em. K á r p á t i convar. pomariorum Bou t igny : 
C a t a l a n (S.S.); 
6. P. italien Borkh. em. K á r p á t i convar. claudiana Poir . : 
A l t h a n n (P.S.S.), Green Gage (P.S.S.), Angou lème (S.F.), Jodo igne (S.S.). P r ince red (S.S.); 
7. P. italien Borkh. em. K á r p á t i convar. ovoidea Mar t . : 
Red eggp lum (S.S.F.), Blue eggplum (S.S.) , Yellow eggplum (S.S.), Grand D u k e (P.S.S.), 
Angel ina Burde t t (S.S.); 
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I n d e x 
1970/1960 
Diamete r Height Crown 
quo t i en t 
(1970) of c rown, cm (1970) 
P. cerasifera cv. Alutscha 32.4 204 657 415 1.58 
P. insititia cv. Bód i 37.2 229 587 402 1.46 
P. domestica 
convar . hunga r i ca 25.0 222 607 439 1.38 
foreign var ie t ies 25.8 225 591 432 1.38 
convar . s u b r o t u n d a 28.4 193 582 374 1.42 
P. italica convar . pomariorum 
cv. Cata lan 18.7 223 414 425 0.97 
convar . claudiana 29.5 213 632 457 1.42 
convar . ovoidea 26.4 194 543 366 1.50 
convar . mamillaris 22.9 240 556 474 1.20 
P. syriaca convar . cerea 22.9 216 534 373 1.45 
F - t e s t 5.11** 5.88*** 9.26*** 5.16** 3.57* 
L.S.D. 5 % 3.25 20.1 35.7 42.9 0.14 
* P = 5 % 
** P = 1 % 
*** P = 0 . 1 % 
8. P. italica Bo rkh . em. K á r p á t i convar . mamillaris Schiibl. et Mar t . : 
Sainte Cather ine (P.S.S.), G ian t (S.F.) , Blue d a t e (S.S.), Green d a t e (S.S.), Gömöri n y a k a s 
(S.S.F.); 
9. P. syriaca Bo rkh . em. K á r p á t i convar . cerea L. e m . Kárpá t i : 
Yellow mirabel le (S.F.), Nancymirabe l l a (S.S.F.) , Metzer Mirabelle (S.S.), Sep tembr i sche 
Mirabelle (S.F.) , Königinsmirabel le (S.S.). 
At t he age of 5 years (in 1960) the growth of t he t runk d i ame te r showed obvious d i f fer -
ences; b y 1970 t he backwardness compared to P. cerasifera was lessened in the va r i e t i e s of 
several convar ie ta tes . Cv. Bódi , t he foreign var ie t ies , cv. Catalan a n d t he eggplums began 
to produce considerable a m o u n t s of yield during t h a t period. 
The largest crowns, as r ega rds b o t h d iamete r a n d height, are f o r m e d by the cv. A l u t s c h a , 
t he Besztercei g roup and the greengages. The q u o t i e n t obtained w h e n t h e crown d i a m e t e r is 
divided b y t h e crown height charac ter izes the h a b i t of t he tree. The cv . Cata lan forms a sp read 
crown, while t he shoot systems of cv. Alutscha a n d of the eggplums a n d mirabelles t e n d up-
wards (Table 1). 
I n t he per iod examined (1963 —1970) cv. A lu t s cha excelled in t h e r a t e of shoot g r o w t h 
a n d average l eng th of in ternode. Cv. Cata lan and t h e mirabelles were also found to h a v e long 
in ternodes . 
The leaves are very shor t in cv. Bódi and cv. Catalan, while t h e width of leaf is the 
smallest in cv. Bódi . The leaf i ndex was found to be a specific c h a r a c t e r ; t he insititia-type cv. 
Bódi has longish leaves, while t hose of the cv. C a t a l a n are round. T h e length of pet iole also 
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Table 2 
Important characteristics of shoots in the plum taxa examined 
(1970) 
Species, convar i e t a s 
Y e a r l y 
s h o o t g rowth 





Leng th W i d t h Leaf 
index 
Leng th 
of pet iole 
of leaves 
mm mm 
P . cerasifera cv. A lu t scha 26.7 2.05 76 47 1.62 19 
P . insititia cv. B ó d i 16.2 1.79 59 27 2.18 13 
P . domestica 
convar. hungarica 15.4 1.61 79 39 1.97 14 
foreign varieties 16.9 1.80 88 46 1.94 20 
convar. subrotunda 17.6 1.61 87 50 1.74 22 
P. italica convar. pomariorum 
cv. Catalan 15.0 1.97 53 41 1.29 13 
convar. claudiana 16.3 1.78 90 47 1.91 19 
convar. ovoidea 17.6 1.61 81 42 1.90 21 
convar. mamillaris 18.7 1.61 76 43 1.80 21 
P. syriaca convar . cerea 16.8 1.98 71 41 1.71 14 
F - t e s t 4.12** 4.31** 16.42*** 3.86** 3.40* 58.10*** 
L .S .D. 5% 1.55 0.19 6.4 5.4 0.16 2.2 
* P = 5 % 
** P = 1 % 
**• P = 0 . 1 % 
showed charac te r i s t i c differences b e t w e e n the t a x a ; t h e r e are groups of varieties with s h o r t 
(cv . Bódi and cv . Catalan, hungarica), medium (cv. Alu tscha , claudiana, domestica va r ie t i e s 
of foreign origin) a n d long (ovoidea, mamillaris, subrolunda convariet ies) petioles, respect ively 
(Table 2). 
Over a 7 - y e a r average t h e greengages, domes t i c plums and s o m e eggplums p r o d u c e d 
t h e largest y ie lds ; low p roduc t iv i ty was due to f e r t i l i t y disorders in cv . Alutscha a n d t h e 
mirabelles, a n d t o t h e small f ru i t w e i g h t in cv. Bódi. T h e pu tamen i n d e x is the lowest in p l u m s 
w i t h round a n d o v a l frui ts ; the o b l o n g shape of f r u i t is coupled w i t h a h igh pu tamen i n d e x . 
T h e pu tamen i n d e x , which is also su i t ab le for the d i f fe ren t ia t ion of t h e variet ies , shows g r e a t 
var ia t ion f rom one var ie ty to t he o t h e r . Our opinion, based on exper ience , t h a t yield v o l u m e 
a n d average f r u i t weight are in n e g a t i v e correlation could not be expe r imen ta l ly proved. Th i s 
is jus t as charac te r i s t i c a f ea tu re of t he taxa as t h e e x t e n t of the t e n d e n c y to per iodic i ty . 
T h e Prunus species and variet ies g a v e high B B I va lues , as the a l t e r n a t i o n well exceeded 
1 5 % (Table 3). 
The pis t i l l eng th of p lums r a n g e s from 9 t o 15 mm. The n u m b e r of s tamina shows 
a wider amp l i t ude , varying b e t w e e n 18 and 30. T h e rela t ive s t amen n u m b e r may be e i the r 
low or high in P . domestica, P. italica, P . syriaca a n d P . insititia, a n d even some conva r s 
of the domestic a n d damson p l u m s a re not the same o n the basis of f l o w e r morphology. T h e 
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W e i g h t 
of f r u i t , g 
Putamen 
index, 
L ! /W.T. 
P. cerasifera cv. Alutscha 25.6 41 40.0 3.05 
P. insitilia cv . Bódi 34.3 40 9.0 4.74 
P . domestica 
convar . hungarica 60.6 43 16.6 5.66 
foreign var ie t ies 60.1 28 24.6 4.78 
convar . subrotunda 44.8 45 27.4 2.65 
P. italica convar . pomariorum 
cv. Cata lan 24.3 68 8.0 3.68 
convar . claudiana 72.9 45 33.0 2.87 
convar . ovoidea 49.2 38 29.6 4.39 
convar . mamillaris 30.8 37 27.8 8.07 
P. syriaca conva r . cerea 28.1 42 11.2 2.77 
F- tes t 11.47*** 4.28** 20.05*** 19.23*** 
L.S.D. 5 % 14.1 8.4 5.0 1.31 
** P = 1 % 
*** P = 0 . 1 % 
pollen germina t ion of the t a x a is general ly good. Cv. Alutscha p roved to be female s ter i le , 
b u t i ts po ten t ia l p roduc t iv i ty is n o t high either. 
The leng th a n d wid th of t h e pe ta l s and the size of t he f i l amen t s in t he inner and o u t e r 
circle are also d i f f e r en t . In cv. A lu t s cha and cv. Bódi t h e an thers are carr ied on very s h o r t 
f i l aments ; the hungarica p lums, on t h e other h a n d , h a v e very long f i l amen t s . The f i l a m e n t 
is the shor tes t in t h e mirabelles. These characters are also suitable fo r making d is t inc t ions 
be tween the p lums (Table 4). 
The da tes of vege ta t ive a n d reproduc t ive phenophases show g rea t f luc tuat ions . I n cv. 
Bódi leaf-bud open ing hard ly precedes the beginning of f lowering b u t t he period of shoo t 
g rowth is completed a t about t he ave rage t ime (on 29th June ) . Cv. A lu t scha begins to blossom 
ear ly , and the o the r phenophases also precede the m a j o r phenophases of o t h e r plums. I n t e r e s t -
ing except ions were f o u n d again w h e n s tudying t he coloura t ion and ripening of f ru i t . I n t h e 
case of cv. Bódi, r o u n d plums (subrotunda) and da te -p lums 7 —12 days elapse f rom the coloura-
t ion to the r ipening of f ru i t , while in t he Besztercei g roup the f ru i t r ipens in 44 days. T h e 
var ie t ies belonging to t he species P. domestica are the l a t e s t of all as r ega rds the discolourat ion 
a n d abscission of t h e leaves. The vege ta t ion period is ve ry shor t (219 — 220 days) in cv. Ca t a -
lan and cv. Alu tscha , and very long (229—230 days) in cv. Bódi and in t h e case of eggplums. 
The period of in tens ive shoot g r o w t h ( f rom leaf-bud opening to the e n d of shoot g rowth) is 
t he longest in species a n d variet ies p roduc ing the largest a m o u n t s of f r u i t (greengages, domes t i c 
p lums and some eggplums) (Table 5). 
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Table 4 
Morphological characteristics of flowers in the plum taxa examined (1975—1977) 




S t a m e n 





germinat ion , 
% 
Length Wid th Length of f i l ament 
of pe t a l , m m 
internal J external 
m m 
P. cerasifera c v . 
Akutscha 9.1 28.2 3.02 0 10.0 8.0 4.0 6.0 
P. insititia c v . 
Bódi 9.2 22.0 2.33 61 11.0 9.0 4.0 6.0 
P. domestica 
convar. hun-
garica 14.0 18.1 1.29 50 12.4 8.6 6.6 9.4 
foreign 
varieties 13.5 25.5 1.87 42 12.2 8.2 6.0 8.4 
convar. sub-
rotunda 11.3 27.3 2.43 58 12.0 10.0 5.0 7.0 
P. italica c o n v a r . 
pomariorum 
cv. Cata lan 10.1 20.7 2.08 63 12.0 7.0 6.0 8.0 
convar. 
claudiana 11.9 26.4 2.47 45 11.6 9.4 4.8 7.8 
convar. 
ovoidea 11.7 27.6 2.39 34 12.6 9.8 5.8 8.0 
convar. ma-
millaris 14.3 28.3 2.02 67 11.4 8.8 6.6 8.4 
P. syriaca c o n -
v a r . cerea 10.4 27.9 2.67 49 9.2 6.8 4.8 7.0 
F-test 1 3 . 5 1 * " 48.63*** 13.87*** 14.03*** 16.01*** 1.62 3.76** 8.78*** 
L.S.D. 5 % 0.80 1.48 0.16 6.8 0.84 2.50 1.20 0.82 
" P = 1 % 
*** P = 0 . 1 % 
Several p a p e r s were pub l i shed earlier on t h e flowering biology of plums. The var ie t ies 
were then o n l y compared b y self-fer t i l i ty groups. Th i s is now complemented with a t a x o n o m i c 
considerat ion of the varieties. 
All o u r observat ions are summar ized in T a b l e 6. The table revea ls t h a t semi-self-fertile, 
practical ly self-sterile and self-sterile p lum var ie t ies generally have h igher vege ta t ive capaci t ies 
t h a n self-fert i le varieties. On t h e basis of the size of leaf-blade a n d l eng th of pet iole great 
differences c a n be observed. I t is par t icu lar ly i n t e r e s t i ng to compare t h e vegeta t ive a n d repro-
ductive capac i t i es , since specific f r u i t f o rma t ion (relat ive to the c rown size) is t he lowest in 
par t ly self-fert i le and completely self-sterile var ie t ies . 
The re a re significant d i f ferences in the m a j o r phenophases as well. The 6 semi-self-
fertile va r ie t i e s were the las t to r ipen, while t h e per iod of vege ta t ion was the longest in the 
practical ly self-sterile group. T h e average leng th of t he period of d o r m a n c y was 135 —140 days 
when considered either according to varieties or f e r t i l i ty groups, th i s is why the cerasifera-type 
cv. Alu tscha r ema ins do rman t fo r the shor tes t t ime . The rela t ive succession of t he pheno-
phases (in t h e individual var ie t ies , var ie ty g r o u p s and species) exh ib i t s a s t r ic t r egu la r i ty : 
the except ions are indicative of fe r t i l i ty disorders . 
The p is t i l length, s t a m e n number , r e l a t ive s tamen n u m b e r a n d pollen ge rmina t ion 
percentage f l u c t u a t e consis tent ly , which c o n f i r m s the conclusions d r a w n f r o m our earlier 
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Table 5 
Important phenophases of plum taxa (on the basis of the days elapsed from 1st January) 
(1963-1970) 




E n d of 
sprout ing 




P . cerasifera cv. 
A lu t s cha 91 100 164 196 210 252 273 
P. insititia cv. 
B ó d i 89 101 180 191 198 269 280 
P . domestica 
conva r . 
hungarica 95 107 187 202 246 280 286 
fo re ign 
var ie t ies 92 106 184 197 231 270 282 
conva r . sub-
rotunda 92 106 180 200 212 268 280 
P. ilalica convar. 
pomariorum 
cv. Catalan 98 108 189 210 224 274 282 
c o n v a r . 
claudiana 93 105 184 204 222 269 281 
c o n v a r . 
ovoidea 88 103 184 201 225 269 281 
c o n v a r . ma-
millaris 92 107 183 205 226 271 282 
P. syriaca con-
va r . cerea 91 106 186 200 218 271 281 
F - t e s t 13.75*** 19.64*** 9.58*** 3.12* 19.80*** 25.61*** 11.61** 
L.S .D. 5 % 1.6 0.8 2.1 7.5 7.1 2.2 1.6 
* P = 5 % 
*** P = 0 . 1 % 
resu l t s . T h e petals are more conspicuous a n d the nec ta r has a higher sugar con t en t in the 
p r a c t i c a l l y self-sterile a n d self-sterile var ie t ies , bu t some difference in these f ea tu re s exists 
in f a v o u r of the semi-self-fertile p lums , too , compared to t he self-fertile ones (Table 6). 
T h e quot ient ob ta ined by d iv id ing the crown d iameter b y t he crown he igh t char-
ac ter izes the habi t s of p lum trees. T h e annua l shoot growth , leaf i ndex a n d re la t ive s t amen 
n u m b e r of trees wi th crowns tending u p w a r d are higher t h a n t he respect ive p a r a m e t e r s of 
p l u m s w i t h spread crowns. The period of vege t a t i on is longer, t he f r u i t r ipens l a te r , a n d there 
is genera l ly a greater n u m b e r of f lowers w i t h reduced func t ions . The decreased size of the pistil 
lessens t h e chance of self and open pol l ina t ion . 
T h e length of pis t i l is in close cor re la t ion with the s t amen n u m b e r , pollen germina t ion , 
and l e n g t h of f i l aments a n d petioles. P l u m variet ies wi th longer pistils h a v e longer f i l amen t s 
and pol len of higher v i t a l i t y ; the re la t ive he igh t of the s t igma a n d a n t h e r s does no t change. 
A r e l a t i ve ly high s t a m e n number ( S N / P L ) seems to reduce r a t h e r t h a n increase t he viabi l i ty 
of t h e pollen. 
T h e taxonomic sys temizat ion of t h e p l u m variet ies and t he t a x o n o m i c d i s t r ibu t ion of 
the g e n u s Prunus itself were the sub jec t s of l engthy discussions among bo tan is t s . The origin 
of t h e p lum, which was one of the m a i n sources of the diff icult ies, is still unce r t a in t o d a y 
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Table 6 
Results of examination in the different fertility groups 
(S.F. — self-fertile ; S.S.F. — semi-self-fertile ; P.S.S. = practically self-sterile ; 
S.S. — self-sterile) 
Paramete r 
S .F . 
n = 12 
S.S.F. 
n = 6 
P.S.S. 
n = 5 
S.S. 
n = 15 LSD 5 % 
G i r t h , cm 25.8 21.6 30.7 26.0 4.46 
G i r t h increase, % 207 255 193 209 28.27 
Crown diameter , cm 595 540 628 551 65.58 
Crown height , cm 452 441 452 397 32.58 
Crown quotient 1.42 1.39 1.44 1.38 0.55 
Y e a r l y shoot growth , c m 14.1 22.6 16.8 20.7 5.45 
I n t e r n o d e length, cm 1.59 1.87 1.64 1.75 0.53 
L e n g t h of leaf, m m 80.1 78.5 76.2 82.2 12.65 
W i d t h of leaf, min 43.2 44.0 40.2 45.7 7.06 
Leaf index 1.91 1.78 2.00 1.80 0.22 
L e n g t h of petiole, m m 12.7 17.7 20.8 19.7 3.83 
Yie ld , kg/tree 52.9 28.7 62.2 44.6 20.12 
BBI -va lue 46.1 48.9 47.1 46.1 15.11 
F r u i t weight, g 19.4 27.2 26.8 27.7 6.79 
P u t a i n e n index 4.32 4.24 4.63 3.78 2.14 
P i s t i l length, mm ( P L ) 12.5 12.9 11.7 11.5 0.48 
S t a m e n number , pc (SN) 24.5 27.9 27.3 27.0 2.02 
S N / P L , n /mm 2.09 2.26 2.40 2.16 0.31 
Pol len germination, % 49.7 42.7 49.4 40.1 7.12 
L e n g t h of petal, m m 11.8 11.0 11.4 11.5 1.31 




CO 9.5 8.6 8.8 0.49 
L e n g t h of f i lament , m m 
In te rna l circle 5.7 5.2 5.6 5.2 1.04 
Ex te rna l circle 8.1 7.7 7.8 7.3 1.08 
Leaf -bud opening 92 92 93 91 2.3 
Beginning of f lowering 106 106 105 104 1.8 
E n d of sprouting 185 182 183 181 4.0 
Beginning of f ru i t colourat ion 198 198 202 202 5.4 
Beginning of f ru i t r ipening 227 217 224 221 5.8 
Discolouration of leaves 271 269 270 270 4.6 
Abscission of leaves 279 283 284 280 4.2 
(RYBIN 1936, SALESSES 1975). On t he basis of our morphological s tudies the present classifica-
t i on (TERPO 1974) seems to be correc t and suff ic ient ly precise to enable the taxonomic 
iden t f i ca t ion of the indiv idual var ie t ies . 
Acta Agronomien Academiac Scientiarum Hungaricae 29, 1980 
V A R I A 87 
Table 7 
Result of correlation calculations (n =38) 
Rela t ionship r - v a l u e 
Crown quo t i en t — Year ly shoot growth + 0 . 4 9 8 * * 
Yield pe r t ree + 0 . 2 5 0 
Leaf i ndex +0 .583*** 
Pist i l l e n g t h — 0.213 
S N / P L + 0 . 4 5 2 * * 
Beginning of f ru i t colouration —0.468** 
Beginning of discolouration of leaves — 0.526*** 
E n d of vege ta t ion + 0 . 4 6 6 * * 
Pist i l l e n g t h — Stamen n u m b e r — 0.715*** 
Average d iameter of petal + 0 . 4 5 7 * * 
Pollen germina t ion + 0.321 + 
Length of f i lament 
I n t e r n a l circle + 0 . 8 2 9 * * * 
E x t e r n a l circle +0 .871*** 
Leng th of petiole + 0 . 3 7 2 * 
S N / P L — Pollen germina t ion — 0.487** 
Average d iamete r of petal — 0.403* 
Yie d p e r t ree — BBI-va lue — 0.356* 
Fru i t w e i g h t + 0 . 2 8 8 + 
End of vegeta t ion — Leaf-bud opening — 0.746*** 
Leaf-bud opening — Beginning of flowering + 0 . 4 1 6 * 
End of sp rou t ing + 0 . 3 9 8 * 
End of sp rou t ing — Beginning of discolouration of leaves + 0 . 9 3 2 * * * 
Beginning of leaf discolouration — Beginning of leaf abscission + 0.994*** 
Beginning of flowering — Beginning of discolouration of leaves + 0.753*** 
Beginning of abscission of leaves + 0 . 6 2 5 * * * 
Beginning of f ru i t colouration — Beginning of ripening + 0 . 5 4 2 * * * 
Beginning of f ru i t r ipening — Beginning of leaf discolouration + 0 . 6 1 5 * * * 
+ P = 1 0 % ; * P = 5 % ; ** P = 1 % ; * * * P = 0 . 1 % 
T h e systemizat ion of p lum variet ies is m a d e difficult b y t h e large number of variet ies 
of u n c e r t a i n origin; and t h e synonyms of s o m e variet ies may be a source of f u r t h e r confusion. 
The p l u m variet ies have d i f ferent ploidy levels : P. cerasifera a n d P . domestica a re hexaploid 
(2n = 48), while P . spinosa has a varying n u m b e r of chromosomes (2n = 16, 24, 32, 40, 48). 
If the ch romosome analysis of P . italica a n d P . syriaca really d e m o n s t r a t e s higher p lo idy level, 
then t h e origin of P . italica (P. domestica X P . insititia) a n d of P . syriaca (P. domestica X 
P . cerasifera) can be accep ted as a fac t . 
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The vary ing chromosome n u m b e r sometimes increases and somet imes decreases t he 
f e r t i l i t y of the Prunus varieties, so t h e clarification of t h i s quest ion is def in i te ly not the ex-
clusive task of b o t a n i s t s and genet is ts . CRANE —LAWRENCE (1952) do n o t deal in their book 
w i t h the re la t ionship between p lo idy level and s t amen n u m b e r , a l though this was actual ly 
es tabl ished by MORRISON (1964); accord ing to our inves t iga t ions the reduced number of 
s t a m i n a in the species of the sub fami ly Prunoideae is accompanied by a h igher chromosome 
n u m b e r . The n u m b e r of s tamina is in f a c t a varietal cha rac t e r , provided t h e y are obta ined 
f r o m a bearing s p u r , since the n u m b e r of s tamina in f l ower s d i f fe rent ia ted on wild offshoots 
is significantly lower (SURÁNYI —TÓTH 1977). The pistil l e n g t h shows a g rea te r annual f luc tua-
t i o n t han the s t a m e n number (SURÁNYI 1976). 
High fe r t i l i ty (self and open pol l ina t ion) requires a pistil at least 10 m m in length, as 
i n mos t Prunoideae pist i ls of this size conta in fully deve loped Ovaria. In t h e worst cases t he 
p i s t i l is undeve loped , so f ru i t f o r m a t i o n hardly occurs. T h e 1/15 clone of cv. Alutscha, for 
e x a m p l e , produces pis t i ls unable to f u n c t i o n ; the s t r uc tu r a l steril i ty is i nd ica ted by the short-
nes s of the f lower s t e m itself (SURÁNYI—TÓTH 1976). 
To sum u p , i t can be s t a t ed t h a t the major r e su l t s of several yea r s of invest igat ions 
a r e in full ag reemen t wi th those r e p o r t e d in the mos t i m p o r t a n t papers ; a large propor t ion 
of t h e varieties i n c l u d e d in our obse rva t ions are f o u n d in all the publ ica t ions (DAHL 1935, 
R Ö D E R 1 9 4 0 , R É M Y 1 9 5 4 , T Ó T H 1 9 5 7 , 1 9 7 5 ) . 
Most self-fert i le p lum var ie t ies belong to the P. domeslica group, where the pistil is 
developed and t h e n u m b e r of s t a m i n a is generally smal l ; t hey are fer t i l ised b y their own 
pol len relatively well even under u n f a v o u r a b l e wea ther condi t ions. Eas i ly fert i l ized variet ies 
a r e compara t ive ly r a r e in other t a x a (Angoulème, G i a n t , Yellow mirabel le , Septembrische 
Mirabelle); they are m o r e sensitive d u r i n g the flowering per iod t h a n the var ie t ies in the dome-
stica group. 
An exp lana t i on has also been f o u n d , more or less, as to why t he pist i l is longer a n d 
t h e number of s t a m i n a smaller in semi-self-fertile va r i e t i e s when compared wi th self-fertile 
ones (SURÁNYI 1978). Some of these var ie t ies (at leas t according to inves t iga t ions made so 
f a r ) belong to t he g r o u p of eggplums a n d date-plums, w h i c h are charac ter ized b y a long pist i l 
( a n d large average f r u i t weight). A n d the i r leaves are longish , oval in shape . The vegeta t ive 
p roduc t ion of these var ie t ies is h igher t h a n tha t of the self-fert i le ones, b u t th i s does not br ing 
a b o u t an increase in p roduc t iv i ty . 
KOBEL (1954) is quite r ight w h e n he states t h a t t h e correlat ion be tween the s t ruc ture 
a n d funct ion ( f ruc t i f i ca t ion) of the f lower is not a lways mani fes ted . Indeed , self-ferti l i ty can-
n o t be explained b y t h e relative h e i g h t of anthers and s t i g m a , since the re la t ive s t igma-anther 
h e i g h t is a fixed p r o p e r t y ; this e x p l a n a t i o n is also excluded b y the posit ive correlat ion between 
p i s t i l length and f i l a m e n t length. T h e views of RÖDER (1940) and RÉMY (1954) are thus re-
j e c t e d by TÓTH (1975) on reasonable g rounds . The cor re la t ion between gynoec ium and androe-
c i u m , on the o the r h a n d , has been cons i s ten t ly proved, a n d th is is connected wi th self-ferti l i ty; 
t h e correlation b e t w e e n relative s t a m e n number and pe rcen t age self-fert i l i ty is also significant 
i n l i n e a r r e g r e s s i o n ( S U R Á N Y I 1 9 7 8 , S U R Á N Y I — T Ó T H 1 9 7 7 ) . 
The rela t ive n u m b e r of s t a m i n a a n d the hab i t of t he t ree are closely related to each 
o t h e r . Both are v a r i e t a l characters , as are the p u t a m e n index , the leaf index , the shape of 
t h e petal , and t h e phenophases of f lower ing , leaf-bud opening , f ru i t r ipen ing , discolouration 
a n d abscission of l eaves . By m a k i n g use of these charac ter i s t ics the var ie t ies can be p u t in 
t h e i r correct t a x o n o m i c places, and in possession of t he new d a t a accumula t ed so fa r our work 
c a n be concent ra ted in f u t u r e on t h o r o u g h research in to t he origin of t he p l u m . 
* 
Prepared a t t h e Frui t Resea rch Sta t ion, Cegléd 
D . S U R Á N Y I 
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E F F E C T OF S O M E M I C R O - N U T R I E N T S ON T H E Y I E L D . Y I E L D C O M P O N E N T S 
A N D P R O T E I N C O N T E N T OF M E X I P A K W H E A T CULTIYAR (T. AESTIVUM L.) 
Wheat r e sponds well to appl ica t ions of commercial fer t i l izer in mos t a reas of the world. 
Macro - and mic ro -nu t r i en t s are genera l ly recommended because they n o t only increase t h e 
y ie ld and quality of g r a i n , bu t they p r o v i d e assurance fo r t h e successful e s tab l i shment of t h e 
n e w seeding as well. I n E g y p t , since t h e construct ion of t h e Aswan Dam, c lay which conta ins 
m a c r o - and mic ro-nu t r i en t s is p rec ip i t a t ed in front of t h e d a m . In the long r u n the E g y p t i a n 
soil m a y be fertilized b y larger quan t i t i e s of micro-nutr ients as well as by commerc ia l fertilizers. 
T h e a im of the p re sen t invest igat ion w a s t o study the e f f ec t of some mic ro -nu t r i en t s on t he 
y ie ld , yield componen t s and grain c o n t e n t of Mexipak w h e a t . SHARMA — WADERMA KUMAR 
(1971) and YAFACO et al. (1973) showed t h a t applying M n or Zn to wheat increased the gra in 
y ie ld , the quality of t h e grains, the n u m b e r of grains/ear a n d the 1000-grain weight. SERRY 
et al. (1973) found t h a t Zn increased t h e yield m a r k e d l y b y 33% whereas with Zn -)- Mil 
or Z n -(- Mn -f- Fe t h e increase in gra in product ion was f o u n d to be 26% a n d 2 9 % respectively. 
DAMIDENKO — BARINOVA (1940) r e p o r t e d t h a t Mn or Zn increased both t he green part a n d 
t h e gra in . 
This inves t igat ion was carried o u t a t the Facul ty of Agricultural Science Exper imenta l 
F a r m , Moshtohor, K a l u b i a , Egypt , d u r i n g the 1974/75 a n d 1975/76 seasons. Wheat seeds of 
t h e var ie ty Mexipak (T . aestivum L.) we re sown in the second week of N o v e m b e r at a ra te of 
216 kg /ha . The seeds were broadcasted a n d then i r r igated. All t r ea tmen t s received the same 
q u a n t i t i e s of p h o s p h a t i c and n i t rogenous fertilizers. T h e r a t e of phospha t i c fertilizer was 
38.4 kg P 2 0- /ha in t h e fo rm of s u p e r p h o s p h a t e (16% kg P „ 0 5 ) . Nitrogen was applied at a r a t e 
of 144 kg N/ha in t h e fo rm of urea ( 4 6 % N). The p h o s p h o r u s fertilizer was broadcasted a t 
sowing time while t h e nitrogen fer t i l izer was applied be fo re the first i r r iga t ion (one m o n t h 
a f t e r sowing). A r a n d o m i z e d complete b lock design wi th 4 replications was used . The area of 
e a c h plot was 10.5 m 2 (3 X 3.5 m). The exper iment was i r r iga ted four t imes dur ing the g rowth 
pe r iod . The type of soil used was clay l o a m . The t r e a tmen t s were control, Fe, Mn, Zn, Fe -(- Mn. 
F e -)- Zn, Mn -j- Zn a n d Fe Mn Zn . T h e micro-nut r ients were applied as a foliar spray in 
t h e fo rm of chelated Na„Fe (8% Fe), Na„Mn (15% Mn) a n d Na 2Zn (14.2% Zn). The concentra-
t i o n of the whole c h e l a t e in the solut ion w a s 0.2%. The a m o u n t of solution for every substance 
w a s 1440 litres/ha (1.5 litres/plot). E v e r y micro-nutr ient a lone or in combina t ion was separately 
s p r a y e d once, a p p r o x i m a t e l y three weeks before heading. D a t a on growth a n d yield components 
were est imated f r o m a 10-plant sample t a k e n at r andom f r o m each plot a t m a t u r i t y . The grain 
y ie ld and straw yield were calculated f r o m the yield of all t h e plots. Ten p l a n t s were collected 
a t r a n d o m at the beg inn ing of heading (3 weeks after app ly ing t he micro-nut r ients ) to de termine 
t h e f resh weight a n d d r y weight per p l a n t . Samples of kerne l s were collected a t random f rom 
e a c h plot and used fo r the de te rmina t ion of crude pro te in according to t h e Kje ldah l me thod 
descr ibed in the A.O.A.C. (1970) r ecommenda t ions . The yie ld of crude p ro te in is also given as 
a percentage of the g r a i n yield (kg/ha) . D a t a obtained for t he following characteris t ics , p l an t 
h e i g h t , fresh weight p e r plant , d ry w e i g h t per plant , sp ike length, spike n u m b e r per p l an t , 
ke rne l number per sp ike , spike we igh t , kernel weight p e r spike, 1000-kernel weight, grain 
yield (kg/ha), s t r aw yield (kg/ha) a n d protein con ten t /g ra in were sub jec ted to analysis of 
va r i ance , and D u n c a n ' s multiple r ange t e s t was used to s e p a r a t e the means . Combined analysis 
w a s used for all a g r o n o m i c character is t ics except the f r e s h weight /plant a n d d r y weight /plant , 
w h i c h were calculated f r o m the ave rage of the two seasons. Soil samples f r o m the experi-
m e n t a l farm were t a k e n (0 — 40 cm d e p t h ) and sub jec ted to chemical analys is as shown in 
T a b l e 1. 
The chemical analysis for t he macro-nut r ients a n d p H was carr ied out according t o 
J A C K S O N ( 1 9 5 8 ) a n d f o r t h e m i c r o - n u t r i e n t s a c c o r d i n g t o C H A P M A N — P R A T T ( 1 9 6 1 ) . 
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Table 1 
Chemical analysis of soils collected from the experimental farm 
Saturated soil pas te Suspension Available, Available 
m.eq. / l 1 : 2.5 N 
Mn Zn P Fe 
К 
Na Ca Mg p H о/ /О ppm/100 g soil 
0.93 6.53 5.73 8.87 8 . 1 0.068 190 5 50 120 
Yield Components. Tab le 2 shows t h a t the plant he igh t was significantly decreased b y 
apply ing Fe + Mn -j- Zn as compared w i t h the other t r e a t m e n t s , except for t h e control a n d 
the Mn t r e a t m e n t . The spike length s ignif icant ly increased b y applying Mn, Zn, Fe + Mn or 
Mn + Zn, while it was no t affected by app ly ing Fe alone or Fe + Mn + Zn. The greates t 
spike leng th was ob ta ined wi th Zn appl ica t ion . 
The fresh weight per p lant s ignif icant ly increased in all t r ea tmen t s excep t those includ-
ing Fe a n d Fe + Mn, whereas the o ther t r e a t m e n t s were ineffect ive. The h ighes t fresh weight 
and dry weight per p l a n t were obtained b y applying Mn -j- Zn , whereas the lowest fresh weight 
and d ry weight per p l an t were obta ined f r o m Fe + Zn a n d the control, respectively. T h e 
increases in the f resh we igh t per p lant p robab ly resulted f r o m an increase in p lant he ight . 
These resul ts are in good agreement wi th those obtained b y DAMIDENKO — BARINOVA (1940). 
Table 2 indicates t h a t the differences in the n u m b e r of spikes per p l an t due to the Mil. 
Zn, Fe + Zn, Mn + Zn a n d Fe + Mn -f- Zn t r ea tmen t s were significant. T h e spike n u m b e r 
per p lan t reached its m a x i m u m when Fe -j- Mn + Zn was appl ied, which gave an increase of 
1.31 over the control t r e a t m e n t . There was in increase in t h e kernel n u m b e r per spike d u e 
Table 2 
Combined analysis of two years for some yield components of Mexipak Wheat cultivar 
as affected by some micro-nutrients 
Characteristics 
Trea tmen t s 
P lan t 











N u m b e r 
of spikes 




Control 105.08 ab 40.37 a 11.13 a 7.38 a 3.00 a 27.96 a 
Fe 106.28 b 45.25 ab 11.58 a 8.38 ab 3.47 b 36.65 d 
Mn 103.43 ab 51.95 b 13.03 a 8.66 be 3.51 a 37.96 f 
Zn 106.03 b 50.75 b 12.68 a 9.40 d 3.95 с 39.53 g 
Fe + Mn 108.93 cb 47.25 b 12.40 a 9.10 d 3.06 a 33.23 b 
Fe + Zn 106.56 cb 37.75 a 11.75 a 8.50 be 3.41 b 36.44 с 
Mn -F Zn 103.68 cb 68.75 с 14.73 a 8.47 be 4.19 d 37.09 e 
Fe + Mn + Zn 101.07 a 51.75 b 12.58 a 8.22 ab 4.31 d 46.59 b 
+ + + — + + + + + + 
F Value 2.62 12.40 0.498 32.0 19.20 113.44 
-f- and + + = Significant a t 5 % a n d 1% level, respectively. 
Any two values wi thin the same characterist ics no t followed by t h e same letter are 
significantly different a t the 5% level of probabil i ty according to Duncan 's new multiple r ange 
tes t . 
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to the appl ica t ion of the micro-nutr ients u n d e r s tudy . The h ighes t kernel n u m b e r per spike 
resul ted f r o m the Fe + Mn + Zn t r e a t m e n t , showing an increase of 66.6% over t h a t of the 
control t r e a t m e n t . The di f ferences between t h e kernel n u m b e r per spike due t o t he micro-
nu t r ien t s were significant. T h e increase in ke rne l number per spike is na tu ra l ly due to an 
increase in t h e number of fer t i le flowers per spike. This result is in good ag reemen t with t h a t 
o b t a i n e d b y S H A R M A — W A D E R M A K U M A R ( 1 9 7 1 ) . 
Table 3 shows t h a t t h e mean weight of t h e spike was s ignif icant ly increased by all the 
micro-nu t r ien t t r e a tmen t s u n d e r s tudy. The Zn t r e a t m e n t gave t h e highest spike weight . The 
effect of micro-nut r ien t t r e a t m e n t s on the spike weight was p r imar i ly due to an increase in the 
kernel n u m b e r per spike a n d the spike l eng th . These resul ts agree with those ob ta ined by 
KALTYA (1941) who showed t h a t Mn improved spike filling. T h e weight of kerne l s per spike 
was also signif icantly increased by the mic ro -nu t r i en t t r e a t m e n t s except in the case of the Fe 
and Fe -f- Mn t r ea tmen t s where the resul t ing increases were n o t significant. T h e weight of 
kernels per spike reached i ts m a x i m u m in t h e Fe -j- Mn + Zn t r e a t m e n t . This increase was 
probably due to an increase in the kernel n u m b e r per spike a n d the 1000-kernel weight . The 
1000-kernel weight was s ignif icant ly increased when the micro-nu t r ien t s s tudied were added 
either separa te ly or combined . The highest increase in the 1000-kernel weight (17.75 g) was 
obta ined f r o m the t r e a t m e n t of Fe + Mn + Zn while the lowest increase (4.13 g) w a s obta ined 
f rom the t r e a t m e n t of Fe + Zn as compared w i t h t he control . These results agree w i t h those 
obtained by SHARMA —WADERMA KUMAR (1971) and HEFNI (1973), who emphas ized tha t Mn 
and Zn increased the weight of the grains a n d t h e 1000-kernel weight of wheat . 
Grain Yield. The appl ica t ion of mic ro -nu t r i en t s s ignif icant ly increased t h e gra in yield 
of whea t (Table 3). The gra in yield reached i ts m a x i m u m when t h e plants received F e -f- Mn -j-
-f- Zn. The increase in t he g ra in yield was 2019.6 kg/ha over t h e control . I t is e v i d e n t t h a t the 
increase in t he grain yield was pr imar i ly due t o increases in t he number of spikes pe r plant , 
Tab le 3 
Combined analysis of two years for the yield, some yield components and protein content 
of grain of Mexipak wheat cultivar as affected by some micro-nutrients 
Characteristics 























Control 1.91 a 1.26 a 26.00 a 4855.2 a 818 ab 8.76 425.52 
Fe 2.16 b 1.38 abc 32.50 с 5868.0 с 907 с 8.83 518.16 
Mn 2.23 be J.45 с 41.88 cf 6026.4 с 900 e 8.87 534.48 
Zn 2.43 с 1.58 d 39.75 e 6590.4 d 816 ah 8.87 573.36 
Fe - f - Mn 2.31 be 1.33 a 37.13 d 5311.2 b 1010 d 8.26 438.72 
Fe + Zn 2.31 с 1.50 cd 30.13 b 5904.0 с 876 be 8.44 502.32 
Mn + Zn 2.17 b 1.50 cd 31.75 he 5911.2 с 883 be 8.51 546.96 
Fe + Mn + Zn 2.15 b 1.70 e 43.75 f 6864.0 d 811 a 9.12 627.12 
+ + + + + + + + + + — -
F Value 20.00 30.00 90.16 30.26 857 
+ + = Significant a t 1% level. 
Any two values wi th in t he same character is t ics not followed by the same le t t e r are sig-
nif icantly d i f ferent a t the 5 % level of probabi l i ty according to D u n c a n ' s new mult ip le range test . 
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the kerne l number per spike, the kernel we igh t per spike a n d the 1000-kernel weight . These 
resul ts agree with those ob ta ined by SHARMA — WADERMA KUMAR (1971) who showed tha t t h e 
increase in the grain yield was obtained f r o m an increase in t h e number of g ra ins per ear a n d 
the 1000-grain weight w h e n Zn was appl ied . T h e results of t h e present inves t iga t ion also agree 
w i t h t h o s e o b t a i n e d b y D A M I D E N K O — B A R I N O V A ( 1 9 4 0 ) , D H I L O N et al. ( 1 9 7 1 ) , R A M S N E H I — 
R A N D H A W A ( 1 9 7 3 ) , S E R R Y et al. ( 1 9 7 3 ) , Y A F A C O et al. ( 1 9 7 3 ) a n d T A K K A R et al. ( 1 9 7 3 ) , w h o 
indica ted t h a t the a d d i t i o n of Mn, Zn or F e -)- Zn increased the grain yield a n d the grain 
con ten t of protein a n d ca rbohydra te . 
Straw Yield. T h e Fe , Mn and Fe -f- Mn t r ea tmen t s gave significant increases in the s t r aw 
yield (Table 3), while t h e o ther t r e a tmen t s where not ef fec t ive . The Fe Mn -f- Zn t r e a t m e n t 
gave t he lowest s t raw yield compared w i t h t h e other t r e a t m e n t s . Significant differences were 
ob ta ined between the m e a n straw yield g iven by the Fe -f- Mn -f- Zn t r e a t m e n t and the o ther 
t r e a t m e n t s , except for t h e control and t h e Zn t r ea tment . T h e increase in t h e s t r a w yield m a y 
be associated with the observed increases in t h e plant height a n d dry weight pe r p l an t (Table 2). 
T h e combined analys is indicated t h a t most of the character is t ics s tud i ed were signific-
an t ly a f fec ted by the micro-nut r ien t t r e a t m e n t s . However , years X micro-nu t r ien t t r e a tmen t s 
had insignif icant ef fects on the plant he igh t , the number of t i l lers and spikes per plant as well 
as the s t r aw yield. 
Protein Yield. T a b l e 3 shows t h a t t he protein y i e l d / h a increased w h e n applying t he 
micro-nu t r ien t s unde r s t u d y . The combina t ion of Fe -(- Mn -)- Zn gave t h e highest prote in 
yield, followed by t he Zn t r ea tmen t , t h e n t h e Mn t r e a t m e n t . This result is in good agreement 
with t h a t obtained b y RAMSNEHI— RANDHAWA (1973) who showed tha t Mn, Zn or Fe + Zu 
increased the grain c o n t e n t of protein. T h e combinat ion of Fe -(- Mn decreased the pro te in 
yield as compared wi th F e or Mn alone. Th i s result is in good agreement wi th t h a t obtained b y 
SOMERS —SHIVE (1942). T h e crude pro te in percentage was n o t affected b y a d d i n g the micro-
n u t r i e n t s unde r s tudy . Th i s means t h a t t h e increase in p ro t e in yield/ha was d u e mainly to t h e 
observed increase in y ie ld /ha . 
* 
Prepared at t h e Agronomy D e p a r t m e n t , Facul ty of Agricultural Science, Moshtohor, 
Ka lub ia . 
E L - S . H . M . H E F N I 
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I N H E R I T A N C E O F M A L E S T E R I L I T Y I N S Q L A S H , C L C L R B I T A P E P O L. 
Dur ing the breeding p rog ramme for ob ta in ing gynoecious flowers in squash by selfing 
and selection, the senior a u t h o r observed a n u m b e r of male steri le plants. All t h e plants in 
this popu la t ion were selfed or crossed and u s e d for inheri tance studies. This c h a r a c t e r is im-
por t an t as i t enables e f for t s t o be saved in crossing, in a d d i t i o n to its value in obtaining 
heterosis. 
Eisa was the f irs t to discover male s te r i l i ty in squash in E g y p t in 1961. T h e inheri tance 
o f t h i s c h a r a c t e r w a s i n v e s t i g a t e d b y E I S A — M U N G E R ( 1 9 6 8 ) a n d G A N A P A T H Y — H A B I B ( 1 9 6 9 ) . 
The E s k a n d a r a n y cu l t iva r of squash w a s used in t he F a c u l t y of Agr icul ture , Cairo 
Ln ive r s i ty , a t Giza f rom 1973 to 1976. P l a n t i n g was carried o u t in five seasons dur ing this 
period, n a m e l y Nili ( a u t u m n ) 1974 and s u m m e r 1973 to 1976. T h e f irst observa t ion of male 
sterile p l a n t s was in Nili 1974. 
These p lan t s were pol l ina ted by the fe r t i l e sibs and t he p rogeny were selfed or crossed 
to each o the r . This was done each season un t i l 1975. The seed m a t e r i a l was p lan ted in the field 
in summer 1976 to obtain d a t a . 
T h e chi square tes t w a s used to eva lua te th is qual i ta t ive charac te r . 
The resul ts shown in Tab le 1-A indicate t h a t , when the f i r s t discovery of m a l e sterility 
in squash was made, popu la t ion 27 — 8 (March 1974) segregated according t o a ra t io of 3 
fertile: 1 ma le sterile p lan ts w i t h a / 2 value of 0.1304 and a P v a l u e of 0.50 — 0.75. 
The f ive male sterile p l a n t s f rom th i s popula t ion were crossed with the i r fert i le sibs 
and p lan ted wi th their selfed fer t i le sibs in J u l y 1974. The fer t i le a n d male sterile p l a n t s f rom 
this Nili p l an t i ng were grown in March 1975 a n d finally the progenies of fer t i les and male 
steriles were p lan ted in March 1976. 
Most of the selfed p l a n t s (Table 1-B) segregated in each populat ion to f i t the ratio 
3 fertile : 1 sterile with P va lues ranging f r o m 0.10 to >0.995. T h e pooled data of t h e s e popula-
t ions showed a heterogenei ty yf value of 3.9823 and a P value of 0.75 — 0.90 on t h e basis of 
a 3 : 1 ra t io . 
W h e n t he fertile p l an t s were crossed w i t h each other (Table 1-C) most of t h e m segregated 
in a m a n n e r similar to t h a t repor ted for t he selfed plants, i nd ica t ing that the p a r e n t plants 
were he terozygous . 
W i t h respect to the ma le sterile p l an t s which were crossed with fertile sibs, t he data 
were divided into two groups. The first (Table 1-D) , the progenies of male sterile p l an t s pol-
l inated w i t h heterozygous fer t i les , segregated w i t h a ratio of 1 : 1 for each p rogeny with P 
values r ang ing f rom 0.10 t o > 0 . 9 9 5 . The second (Table 1-Е) , t h e progenies of male plants 
poll inated wi th homozygous fer t i les , consisted of fertiles only, as would be expec ted . 
Thus , t he fertile-sterile phenotype was dependen t for i ts expression upon a single pair 
of genes (Msms), where the d o m i n a n t gene p r o d u c e s fertile p lan ts a n d the recessive gene results 
in steri l i ty. 
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T a b l e 1 
Expression of male sterility in progenies of heterozygous plants selfed 
or crossed with male steriles 
No. of 
Pedigree observed plants R a t i o t P 
Fertile I Sterile 
A ) Sel fed pa ren t of g e n o t y p e Msms (1974) 
27— 8 I 18 I 5 I 3 : 1 I 0.1304 I 0.50—0.75 
B ) Se l fed pa ren t s of g e n o t y p e Msms (1976) 
30—8 8 3 3 1 0.0303 0.75—0.90 
35—8 3 1 3 1 0.0000 > 0 . 9 9 5 
35-15 13 3 3 1 0.3333 0.50—0.75 
37-7 5 3 3 1 0.6667 0.25—0.50 
38-1 14 6 3 1 0.2667 0.50—0.75 
38-33 14 3 3 1 0.4901 0.25—0.50 
38-25 2 1 3 1 0.1111 0.50—0.75 
38-28 6 5 3 1 2.4545 0.10—0.25 
T o t a l y2 • 4.3527 0.75—0.90 
Pooled f 65 25 3 1 0.3704 0.50—0.75 
H e t e r o g e n e i ty x2 3.9823 0.75—0.90 
C) Cross ing paren ts of t h e same geno type M s m s (1976) 
30-3 X 30-4 15 2 3 1 1.5883 0.10—0.25 
32-5 X 38-20 9 2 3 1 0.2727 0.50—0.75 
3 3 - 3 x 3 3 - 2 8 2 3 1 0.1333 0.50—0.75 
3 4 - 1 0 x 3 8 - 1 3 8 2 3 1 0 .1333 0.50—0.75 
3 5 - 6 x 3 5 - 1 0 3 1 3 1 0.0000 > 0 . 9 9 5 
3 8 - 2 x 3 8 - 1 14 2 3 1 1.3333 0.10—0.25 
3 8 - 9 x 3 8 - 2 2 12 1 3 1 2.0769 0.10—0.25 
3 8 - 2 1 x 3 8 - 2 2 18 2 3 1 2.4000 0.10—0.25 
3 8 - 2 2 x 3 8 - 5 18 3 3 1 1.2857 0.25—0.50 
T o t a l %2 9.2235 0.25—0.50 
Poo led у.2 105 17 3 1 7.9672 0.25—0.50 
H e t e r o g e n e i t y / 2 1.2563 > 0 . 9 9 5 
D) F j f r o m ma te rna l p a r e n t Msms a n d p a t e r n a l parent M s m s (1976) 
30-7 X 30-8 10 8 1 1 0.2222 0.50—0.75 
3 1 - 1 6 x 3 0 - 5 3 3 1 1 0.0000 > 0 . 9 9 5 
3 2 - 2 x 3 2 - 4 1 1 1 1 0.0000 > 0 . 9 9 5 
3 2 - 1 1 x 3 2 - 4 6 2 1 1 2.0000 0.10—0.25 
3 4 - 1 x 3 4 - 9 2 4 1 1 0.6667 0.25—0.50 
34-3 X 38-2 13 16 1 1 0.3104 0.50—0.75 
3 5 - 1 2 x 3 5 - 5 5 8 1 1 0 .6923 0.25—0.50 
3 5 - 1 6 x 3 8 - 2 1 11 5 1 1 2.2500 0.10—0.25 
3 5 - 1 7 x 3 5 - 1 5 7 7 1 1 0.0000 > 0 . 9 9 5 
T o t a l yf 6.1416 0.50—0.75 
Poo led X2 58 54 1 : 1 0.1429 0.50—0.75 
H e t e r o g e n e i t y y2 5.9987 0.50—0.75 
E) F j f r o m mate rna l m s m s and pa t e rna l p a r e n t MsMs (1976) 
3 5 - 1 3 x 3 5 - 1 6 9 — 
3 5 - 1 4 x 3 5 - 1 9 14 
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m s m s 
MsMs 
Msms 
MsMs 1 I 
Msms 2 ( 
m s m s 1 
Msms 1 
m s m s 1 
MsMs, Msms 
Male sterile 
Male ferti le 
Male ferti le 
Male ferti le 
Male sterile 
Male ferti le 
Male sterile 
Male fert i le 
T h e d a t a r e p o r t e d b y E I S A — M U N G E R ( 1 9 6 8 ) a n d G A N A P A T H Y — H A B I B ( 1 9 6 9 ) w e r e i n 
accordance wi th t h e present resul ts , which indicate t h a t sterility is cont ro l led by a single 
recessive gene. 
Prepared a t t h e D e p a r t m e n t of Hort icul ture . F a c u l t y of Agr icu l ture , Cairo Unive r -
s i ty , Cairo. 
A . A . A B D E L - H A F E Z , A . H . K H E R E B A 
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T H E S U I T A B L E P R O T E I N L E V E L F O R F E E D I N G D A I R Y CATTLE. 
I. M A I N T E N A N C E R E Q U I R E M E N T S 
Feeding da i ry animals with m o r e or less prote in t h a n their m a i n t e n a n c e requi rements 
caused various changes in body we igh t , ni trogen ba lance a n d blood composi t ion . I t has b e e n 
well documented t h a t a liberal p ro te in i n t a k e tends t o c ause a high level of deposit " p r o t e i n " . 
On t he other h a n d , it is recognized t h a t protein in excess of what the b o d y can use is w a s t e d 
in so fa r as its speci f ic funct ions as p ro t e in are concerned , since it c a n n o t be stored in a n y 
t i ssue, though v e r y l imi ted amoun t s c a n be stored as f a t . A large excets of pro te in in t e rms of 
b o d y need increases t h e work of t h e k idneys in the exc re t i on of urea, w h i c h has been s h o w n 
to be an undesi rable a n d possibly d a n g e r o u s substance. 
On the o t h e r h a n d , when t h e s u p p l y of dietary p r o t e i n is not e n o u g h to maintain t h e 
N-balance in equ l ib r ium, tissue p ro te in is catabolized. 
I t is of v i t a l economic impor t ance to reduce t he f eed ing cost by f eed ing proper feed ing 
al lowances, which should be a little m o r e t h a n the m i n i m u m requirements , allowing a re la t ively 
small margin of s a f e t y in pract ical f eed ing . 
The aim of th i s s t udy was to d e t e r m i n e the most economic protein level for maintenance . 
The nitrogen ba lance a n d certain b lood const i tuents were also studied. 
The expe r imen t was u n d e r t a k e n a t the Animal P roduc t i on S ta t ion , Facul ty of Agr i -
cul ture , Assiut Un ive r s i ty . Four feed ing t r ia ls were p e r f o r m e d with 14 J e r s e y bulls and 8 non-
lac ta t ing , non-p regnan t Jersey cows t o s t u d y the su i table pro te in level for maintenance. E a c h 
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Table 1 
Feeding stuffs, starch value and D.C.P. of mixtures fed to animals 




и i l l IV 
Undercor t ica ted cot ton seed cake, % 10.0 5.0 5.5 
Maize, % 30.0 25.0 33.0 10.0 
Whea t b ran , % 15.0 10.0 16.5 10.0 
Unified feed mix tu re ,* % — — — 10.0 
Whea t s t raw, % 45.0 60.0 45.0 70.0 
Starch value (S.V.), % 45.98 41.57 41.03 51.05 
D.C.P., % 4.58 3.23 2.76 3.00 
* Unified feed mix tu re contains: 4 5 % undecor t icated cot ton seed cake , 2 6 % wheat b r a n , 
7 % rice bran, 17% maize, 2 % molasses, 2 % calcium c a r b o n a t e and 1% sod ium chloride. 
t r ia l lasted 11 weeks a n d was divided i n to a t rans i t ional (2 weeks) and a t e s t period (9 weeks) 
according to MORIMOTO et al. (1963). 
In trial I, fou r Je r sey bulls a n d t w o Jersey d ry cows were used t o t e s t t he level of 50 g 
digestible prote in ( D . P . ) per 100 kg live weight ( L . W . ) as the m a i n t e n a n c e r equ i r emen t . 
I n t r ia l I I , four J e r sey bulls and two J e r s e y dry cows were used to s tudy t h e level of 40 g D . P . 
I n t r ia l I I I , two J e r s e y bulls and two d r y cows were used t o test the level of 30 g D.P. , whi le 
in t r ia l IV, four J e r s e y bulls and two Je r sey cows were employed to check t h e level of 37.5 g 
D . P . The animals used were over two y e a r s old, hea l thy a n d in good cond i t ion and were u n d e r 
ve te r ina ry supervision dur ing the whole exper imenta l pe r iod . 
The energy level in take was k e p t cons tan t dur ing all the exper imen t s a t 0.50 kg s t a r c h 
value/100 kg L.W. , as r ecommended b y GHONEIM (1958). The feeding s t u f f s used in the f o u r 
m i x t u r e s are found in Table 1. The feeding value a n d digest ible protein of t h e mixtures w e r e 
ca lcula ted on the basis of four digest ibi l i ty trials wi th sheep . 
The animal were individual ly f ed a n d water was avai lable at all t i m e s . Before s t a r t i n g 
t h e t r ia l , the an imals were weighed t o es t imate the m a i n t e n a n c e r equ i r emen t , and were t h e r e -
a f t e r weighed weekly t h roughou t the exper imenta l per iod a n d at the end of t h e trial. Weigh ing 
was always carr ied o u t a t 8 a.m. before t he ra t ion w a s given. Three successive weights w e r e 
averaged to the nea res t half kg. 
In each t r ia l , du r ing the last t w o weeks a n i t r ogen balance was ca r r i ed out wi th t w o 
Je r sey cows. The faeces and urine were collected in su i t ab le bags. Samples of blood f rom t h e 
j ugu l a r vein were t a k e n f rom each cow a n d bull i m m e d i a t e l y before g iving t h e morning f e e d . 
The to t a l ni t rogen a n d N P N were d e t e r m i n e d by t he K j e l d a h l method us ing 10% tr icholoro-
acet ic acid to separa te t h e t rue prote in . Urea -N was d e t e r m i n e d gasometr ical ly by the m e t h o d 
of Coversky (PETROONKINA 1961). 
The chemical analysis of feed ing s tuf fs and faeca l mater ia l followed t h e ordinary con-
vent iona l methods (A.O.A.C. 1960). 
Stat is t ical ana lys is of the ava i lab le d a t a was u n d e r t a k e n according t o SNEDECOR (1967). 
Body weight change . The e f fec t of feeding d i f f e r en t levels of D .C .P . as ma in t enance 
requ i rements on b o d y weight change a re presented in Tab le 2. These r e su l t s indicated t h a t 
an imals receiving 50 g D.C.P./100 kg L . W . (trial I) showed a significant increase (P < 0.01) in 
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T a b l e 2 
Effect of feeding different levels of D.C.P. as maintenance requirements on body weight change 
I t e m 
Trials 
I (50 g) I I (40 g) I I I (30 g) I V (37.5 g) 
Init ial b o d y weight , kg 300.0 ± 27.7 321.5 ± 4 4 . 7 378 ± 123.6 333.2 ± 57.1 
Final body we igh t , kg 325.8 ± 38.5 331 .6 ± 4 3 . 3 344 ± 117.9 333.2 ± 59.1 
Body weigh t change, kg 25.8 ± 11.8 10.1 ± 7.1 — 3 4 ± 6.9 0.0 ± 8.9 
Change f r o m t h e intial, % 7.5 ± 3.4 3 .1 ± 2.4 — 8 . 9 9 ± 1.4 0.0 ± 2.7 
Av. daily ga in or loss, kg 0.3 ± 0.15 0 .13 ± 0.09 — 0 . 4 2 ± 0.09 0.0 ± 0.1 
Daily S.V. i n t a k e , kg 1.5 1.61 1.9 1.67 
Daily D.C.P . i n t ake , g 150.0 128.6 113.4 124.9 
body w e i g h t . Express ing t h i s change as a p e r c e n t a g e of the in i t i a l weight , t h e c o r r e s p o n d i n g 
f igure w a s 7.5 ± 3 .4%. T h e s e resu l t s clearly i n d i c a t e d t h a t t h i s level was m o r e t h a n t h a t 
required fo r m a i n t e n a n c e , as s u c h a level p e r m i t s t h e animal t o g a i n weight . 
R e d u c i n g t h e level of D . C . P . to 40 g /100 k g L .W. ( t r ia l I I ) also caused a s ign i f ican t 
( P < 0.05) inc rease in b o d y w e i g h t , bu t th is i n c r e a s e in weight w a s lower (3.14 ± 2 . 4 % of the 
initial w e i g h t ) t h a n t h a t i n t r i a l I . Therefore , t h i s level also a p p e a r e d to be h igher t h a n the 
min imum p r o t e i n r e q u i r e m e n t f o r m a i n t e n a n c e . 
On t h e o the r h a n d , f e e d i n g animals a t a m o r e reduced l eve l (30 g D.C.P . /100 kg L .W. , 
t r ial I I I ) c a u s e d a loss in b o d y weight . The loss r ep resen ted 8.99 ± 1 - 4 % of the in i t i a l weight . 
I t m a y be seen f r o m t h e above resu l t s t h a t the change i n an imal b o d y w e i g h t was 
positive w h e n t h e animals r e c e i v e d high p r o t e i n levels (40 or 50 g D.C.P./100 kg L . W . ) ; in 
cont ras t , t h i s change was n e g a t i v e when the a n i m a l s were fed 30 g D.C.P . /100 kg L . W . Moreover 
the average da i ly loss in b o d y weight resu l t ing f r o m feeding 30 g D.C.P . was m o r e t h a n the 
average da i ly ga in ob ta ined b y feeding 40 g D . C . P . (0.42 ± 0.09 k g as opposed t o 0 .13 ± 0.09 
kg daily). 
These r e su l t s led to t h e a s sumpt ion t h a t t h e D.C.P. level r e q u i r e d for m a i n t e n a n c e not 
only lies b e t w e e n the levels 40 a n d 30 g b u t a l so approaches t h e h i g h e r l imit. I t w a s possible 
by i n t e r p o l a t i o n f r o m the d a t a of these two l eve l s , t o calculate t h a t pe rhaps 37.5 g D.C.P . /100 
kg L . W . w o u l d be the m i n i m u m prote in level f o r ma in ta in ing c o n s t a n t body we igh t . 
T h e e f f e c t of this leve l (37.5 g) was t e s t e d in tr ial IV. I t m a y be obse rved t h a t for 
animals f ed a t th i s level ( T a b l e 2) the init ial b o d y weight r e m a i n e d cons tan t . T h e average 
change (as a pe rcen tage of t h e ini t ia l weight) w a s pract ical ly ni l , b e ing 0.00 ± 2 . 7 % . 
PRESTON (1972) r e p o r t e d t h a t the D . C . P . requ i red for 100 k g L .W. was 32.3 g as a 
m a i n t e n a n c e r e q u i r e m e n t , w h i l e HASHIZUME et al. (1964) s u g g e s t e d t h a t t h e m a i n t e n a n c e 
r equ i r emen t f o r prote in r a n g e d f r o m 48.4 to 53 .9 g/100 kg L . W . I n E g y p t , GIIONEIM (1958) 
repor ted t h a t t h e protein r e q u i r e m e n t for m a i n t e n a n c e was 50 g D.C.P . /100 kg L . W . 
N - b a l a n c e . The N - i n t a k e , N-excret ion (in f a e c e s and u r ine ) a n d N-re ten t ion a t d i f f e ren t 
levels of d iges t ib le ni t rogen i n t a k e are p resen ted i n Table 3. I n all t h e ni t rogen b a l a n c e tr ials , 
except those f e d the lowest leve l of D.C.P. (30 g), all the an ima l s h a d a posi t ive N - b a l a n c e . 
However , t h e a m o u n t of N r e t a i n e d varied a c c o r d i n g to the level of digest ible n i t r o g e n in t ake . 
The r e s u l t s in Table 3 s h o w t h a t the t w o h ighe r levels (40 a n d 50 g D.C.P . ) p r o v i d e d 
the animals w i t h more p r o t e i n t h a n t h a t r e q u i r e d fo r m a i n t e n a n c e . O n the o ther h a n d , when 
the animals rece ived the l owes t level (30 g) t h e y h a d a nega t ive N-balance . Th i s i nd i ca t ed 
t h a t this level w a s not enough t o provide the a n i m a l s wi th the p r o t e i n requi red for m a i n t e n a n c e . 
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Table 3 
Effect of the dietary protein level on be N-balance 
I t e m 
Trial I 
(50 g D.C.P . / 
100 kg L .W.) 
Trial I I 
(40 g D.C.P . / 
100 kg L .W. ) 
Trial I I I 
(30 g D .C .P . / 
100 kg L . W . ) 
Trial I V 
(37.5 g D.C.P . / 
100 kg L . W . ) 
Cow 1 Cow 2 Cow 1 Cow 2 Cow 1 Cow 2 Cow 1 Cow 2 
Animal L.W. , kg 326.00 332.00 369.00 361.00 345.00 345.00 384.00 374.00 
N in take , g /day 55.40 56.40 54.60 53.40 31.40 31.40 56.80 55.30 
D.N. in take , g /day 26.32 26.80 23.83 23.30 16.58 16.58 23.08 22.47 
N o u t p u t (faecal -f-
ur inary N), g /day 27.46 30.00 51.67 48.24 44.30 39.50 53.89 51.54 
N balance, g /day 27.94 26.40 2.93 5.16 —12.90 — 8.10 2.91 3.76 
% N in take 50.40 46.40 5.40 9.70 —41.10 —25 .80 5.10 6.80 
The resul ts of N-balance tes ts w i t h t h e 37.5 g D .C .P . /100 kg L.W. level indicated t h a t a smal l 
a m o u n t of n i t rogen was r e t a ined . Th i s balance w a s 2.91 and 3.76 g /24 h r (5.1 and 6 . 8 % of 
in take) for cows 5 and 6, respec t ive ly . 
The N-losses due to skin exc re t ion and shed h a i r are e s t ima ted b y BLAXTER (1959) to 
be 5.0 ± 0.5 g /kg metabol ic b o d y size. These losses a r e neglected a s sub t r ac t ing t h i s va lue 
f r o m the N re t a ined , f ound expe r imen t ly , the N-ba lance would s t i l l be slightly pos i t ive , 
app roach ing zero. 
F r o m these exper iments i t was seen t h a t t h e r e was a close r e l a t ionsh ip b e t w e e n the 
N-balance a n d the digestible n i t rogen in take (r = 0.9326). Similar r e s u l t s were o b t a i n e d by 
ELLIOT—TOPPS (1963). The t w o se ts of values o b t a i n e d here were r e l a t e d by linear regress ion 
(Y = 3.4464 X — 70.9506, where X is t he D.N. i n t a k e and Y the N-ba l ance ) . De te rmin ing t h e 
sui table level of digestible c r u d e p ro te in (Fig. 1) fo r ma in tenance , which caused ne i the r 
N- re t en t ion nor N-deplet ion f r o m an ima l body t i ssue (Y equals zero) , t h i s would be 36.30 g 
D.C.P. /100 k g L . W . This a p p a r e n t l y low protein r e q u i r e m e n t was a s soc ia t ed with low endo-
genous N-loss and high eff iciency of N-uti l izat ion b y t h e cat t le at N-equ i l ib r ium. 
Table 4 
Effect of the level of dietary protein on some blood constituents 
Prote in levels, 
g/100 kg L.W. 
Sample I Sample I I 
T . P . N.P.N. Urea-N T . P . N.P.N. U r e a - N 
Trial I (50 g) X 6.86 94.95 21.98 6.59 105.45 22.99 
± 0.63 17.73 3.79 1.64 13.43 5.44 
Trial I I (40 g) X 6.03 79.18 19.64 6.24 84.40 21.82 
± 1.98 20.37 5.74 1 . 0 0 27.80 5.36 
Trial I I I (30 g) X 6.01 99.33 36.55 6 .53 95.08 38.21 
± 0.31 15.38 4.09 0.82 13.02 4.07 
Trial IV (37.5 g) X 5.55 66.10 19.11 5.69 68.27 18.20 
± 0.74 18.80 3.64 1.04 12.86 2.87 
Note : Sample I was t a k e n one m o n t h a f te r t h e s t a r t of the t r ia l a n d sample I I w a s t a k e n 
a t the end of t he tr ial . 
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Blood composi t ion . The e f f e c t of the intake of d ie tary protein u p o n the concen t ra t ion 
of certain c o n s t i t u e n t s of the b lood s e r u m are p re sen ted in Table 4. T h e s e results showed t h a t 
t h e total p ro te in in the blood s e r u m increased s l ight ly b u t not s igni f icant ly with increas ing 
D . C . P . i n t h e r a t i o n . S i m i l a r l y , H U B E R B O M A N ( 1 9 6 6 ) a n d D A R W I S H ( 1 9 7 3 ) f o u n d t h a t t h e 
t o t a l serum p r o t e i n was not s ign i f i can t ly affected b y t h e protein level of t he diet. 
The r e su l t s in Table 4, also showed that t h e va lues of N P N a n d urea-N in t he blood 
s e r u m decreased w i t h a decreasing level of D.C.P. i n t a k e , except t h o s e obtained at t h e 30 g 
level . These r e s u l t s are in a g r e e m e n t with those r e p o r t e d by HUBER —BOMAN (1966) a n d 
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DARWISH (1973). T h e y showed t h a t increasing t h e p r o t e i n level of t h e die t s ign i f i can t ly 
( P < 0.01) increased t h e N P N c o n t e n t of the blood. 
On t h e o t h e r h a n d , t h e h i g h e r va lues observed w i t h the lowest l eve l of D.C.P. (30 g) 
m a y be a t t r i b u t e d t o body t issue ca tabol i sm, as c o n f i r m e d by the loss in weight a n d t h e 
nega t ive N-ba lance in t r ia l I I I . I t cou ld be concluded f r o m these da ta t h a t blood urea -N a n d 
N P N may be u sed as a n indicator of d i e t a ry protein i n t a k e . 
General ly , i t could be conc luded t h a t the p r o t e i n level which w o u l d ma in ta in a m a t u r e 
cow at c o n s t a n t b o d y weight , equ i l i b r ium N-ba lance a n d min imum v a l u e of u rea -N w a s 
pract ical ly 37.5 g D.C.P . /100 kg L . W . This level is s l igh t ly higher t h a n t h a t found f r o m 
N-balance t r ia ls , w h i c h was 36.3 g D . C . P . I t would t h e r e f o r e be p re fe rab le t o recommend t h i s 
level as i t would s u p p l y the necessary pro te in r e q u i r e m e n t wi th a m a r g i n of safety. This l eve l 
represen ts 7 5 % of t h e r e c o m m e n d e d al lowance r e p o r t e d b y GHONEIM (1958) fo r Egyp t ian c a t t l e . 
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E C O L O G I C A L S T U D I E S O F S O I L M I T E S U N D E R SOME T R U C K CROPS 
Mites a re k n o w n to cause ex t ens ive damage t o vege tab le crops (ATALLA—EL-ATROUZY 
(1971). Numer ica l ly mi t e s are t h e d o m i n a n t group of a n i m a l s inhab i t ing soils. I n the A . R . E . , 
mi t e s have b e c o m e serious pes ts on di f ferent t r u c k c rops , as the f a v o u r a b l e weather c o n -
di t ions have a l lowed a r e m a r k a b l e a b u n d a n c e of t h e m i t e fauna to s u r v i v e t h r o u g h o u t t h e 
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g months ь 
Fig. 1. Month ly variations (per m-) of soil mites u n d e r some truck crops in 1977/78. a) T o m a t o . 
b) P e a 
year. Therefore, it was found necessary to study the f auna of soil mi tes and seasonal va r ia t ions 
in their popu la t ion densities u n d e r certain vegetable crops in Menoufia Governorate. A . R . E . 
The soil samples were t a k e n with a 1 0 x 1 0 X 10 cm iron sampler in randomised cores 
every 2 weeks dur ing the s tudy period November 1977 to March 1978. The samples represented 
the arable layer , f rom the surface down to a dep th of 10 cm, from f ields occupied wi th t o m a t o 
and pea. The mi tes were carefully extracted f rom t h e soil using Berlese's Tullgren funnels , and 
identified w i t h t he aid of a stereoscopic binocular microscope. 
The soil mites which were collected in associat ion with t o m a t o and pea belong t o the 
suborders Mesost igmata. Trombidiformes and Sarcopt i formes (KRCZAL 1959. ABD EL-SHAHEED 
et a i . 1 9 7 2 , G I L Y A R O V - K R I V O L U T S K I I 1 9 7 5 ) . 
During t h e study period t h e population dens i ty ofTarsonemid mites under t o m a t o was 
twice that u n d e r pea. The peak densi ty in the t o m a t o field was observed in December (3500 
ind./m2), while in the pea field t he peak was in March (2500 ind./m2) (Fig. la , b). 
The m a x i m u m population density of Oruba t ids was recorded in November (4200 ind /m-) 
under tomato and in December (3850 ind./m2) u n d e r pea (Fig. la , b) . 
Acaridiae were observed in small numbers in t h e tomato field in November (200 ind. /m2) 
and in J a n u a r y (100 ind./m2). These animals were no t recorded at all in December, F e b r u a r y 
and March. U n d e r pea they were observed in r emarkab le abundance, which reached i ts peak 
in January (1100 ind./m2). 
The m a x i m u m number of Gamasid mites was observed under tomato in March (6400 
ind./m2), and in t he pea field in November (2200 ind./m2) . 
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Fig. 2. Variations of soil mi tes under cer ta in t ruck crops in 1977/78 
Pros t igmat id mites reached their peak density under bo th tomato a n d pea in December, 
wi th 2700 and 2250 ind./m2 respectively. 
DHILLON—GIBSON (1962) reported t h a t the popula t ion of Acarina f l uc tua t ed with t ime 
and marked differences occurred in the pa t t e rns of var ia t ion shown by d i f fe ren t species. Our 
own results wi th Acar ina are shown in Fig. 2. 
* 
Prepared at t he Plant Protect ion Depar tment , Facu l ty of Agricul ture, University of 
Menoufia, Menoufia. 
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M O R P H O L O G I C A L C H A N G E S I N S L N N H E M P V I R L S - I N F E C T E D 
A N D M O R P H A C T I N - T R E A T E D P L A N T S O F C R O T A L A R I A J L N C E A L I N N . 
T h e c rop plant Crotalaria juncea is c u l t i v a t e d for its g rea t economic i m p o r t a n c e — as a 
green m a n u r e , t o obtain f i b r e a n d as fodder. T h e present work dea ls w i t h a critical compara t i ve 
s tudy of p l a n t s infected w i t h sunnhemp vi rus a n d plants sp rayed wi th m o r p h a c t i n (NATH 
M U K E R J I 1 9 7 8 ) . 
S u n n h e m p plants were g rown in the d e p a r t m e n t a l g a r d e n in order to s t u d y t h e effect 
of m o r p h a c t i n on the mycof lo r a of the leaves in t h e year 1977. T h e principle ob jec t ive was to 
s tudy w h e t h e r the morphological variat ion b r ings ou t any change in the microbial popu la t ion 
of the leaf sur face or not , bes ides i ts usual e f fec t in producing morphologica l changes (SCHNEI-
DER 1970). 
I n t h e following y e a r (1978) it was in te res t ing to note t h a t most of the p l a n t s sown 
showed a close resemblance t o t h e morphac t in - sp rayed plants . A de ta i led s tudy of these p lan ts 
and of morphac t in - sp rayed p l a n t s was carried o u t . 
T h e 1978 crop, which showed a close resemblance to t h e morphac t in - sp rayed plants , 
was previous ly thought t o be due to some r e s idua l effect of t h e morphac t in sp rayed in the 
previous y e a r . B u t later, a f t e r cri t ical analysis, i t was confi rmed t h a t the plants were infected 
with s u n n h e m p mosaic v i rus , as repor ted earl ier b y SAHAMBI (1967), NARIANI—KARTHA (1970) 
and NIAZI et al. (1973). Th i s v i rus showed t y p i c a l phyllody s y m p t o m s . On compar ing the 
characters of b o t h types of p l a n t s it was obse rved t h a t there is a close resemblance in the 
morphological ly changed v e g e t a t i v e parts . These are as follows: 
1. Shor ten ing of the in te rnodes . 
2. S t imula t ion of ax i l l a ry buds result ing in profuse b ranch ing . 
3. Considerable r e d u c t i o n in leaf size. 
4. L e a v e s become d a r k coloured and i r regular and increase remarkably in number . 
5. S t e m becomes f l e shy a n d hairy. 
All t h e s e abnormali t ies in the vegeta t ive p a r t s in m o t h t y p e s of plants give a bushy 
appearance t o t h e plant (Figs. 1, 5). 
R e g a r d i n g the floral p a r t s , abnormali t ies are more acu te in virus-infected p l a n t s as 
compared t o morphact in p l a n t s (Figs. 7 — 9). T h e virus- infected p lan t s show t h e follow-
ing changes: 
1. F lowers are formed excessively, b u t t h e y are deformed. 
2. F l o w e r s are comple te ly changed in to vege ta t ive s t ruc tu res . 
3. P e t a l s , sepals, s t a m e n s a n d carpels b e c o m e green and l ea fy . 
4. A n u m b e r of b r anches arise f rom w i t h i n t he flowers a t t h e axils of the l ea fy sepals 
giving a c o m p a c t , abnormal a p p e a r a n c e (Figs. 6, 9). 
In a d d i t i o n , there a re ce r t a in other abnormal i t i es in t h e virus-infected p l a n t s (Figs. 
10 — 12), e .g. appearance of pocket- l ike s t r u c t u r e on the u n d e r surface of leaves (Fig. 12, 
arrow); t h e p l a n t s become h igh ly twisted apically (Fig. 10). Some of t h e leaves become banded 
and c rumpled (Fig. 11). 
P h y l l o d y of both t he vege t a t i ve and f lo ra l pa r t s was obse rved , which, in t h e case of 
nirus- infected p lants , was m o r e acu te in the f l o r a l par t s , i.e. t he r e was profuse f lower ing and 
all the f lowers changed into l e a f y structures. B u t in morphac t in - t r ea t ed plants f lower ing was 
vormal and significant changes occurred in t he leaf s t ructure a n d shape (Figs. 2 — 4). 
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Figs. 1—4. Showing abnormali t ies in m o r p h a c t i n - t r e a t e d plants . 1. Cont ro l (C) and t rea ted (T) 
p l an t . 2. Leaves f r o m the control p l a n t s . 3, 4. Leaves f r o m the morphac t i n - t r ea t ed p l a n t s 
Figs. 5 — 12. Showing abnormali t ies in S u n n h e m p Mosaic Virus-infected p l a n t s . 5. Control (C) 
a n d virus- infected (V) plant . 6. P l a n t showing ax i l la ry branching d u e t o virus in fec t ion . 
7. Control flower. 8, 9. Abnormal f l ower s of infected p l a n t s 
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10. Twi s t ed appea rance of apical p a r t . 
11. C r u m p l e d and b a n d e d leaves . 12. Pocke t - l ike s t ructures o n u n d e r surface of infected 
leaves ( a r row) 
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Q U E S T I O N - M A R K S A N D C E R T A I N T I E S - T H E F U T U R E O F A G R I C U L T U R E 
I N H U N G A R Y * 
I t is a d i f f icul t b u t nevertheless t h a n k f u l task t o wr i te about t he f u t u r e of agr icu l ture 
in H u n g a r y in t he j o u r n a l of the H u n g a r i a n Academy of Sciences. I t is d i f f i cu l t , because t h e 
f u t u r e can only be con templa ted and e x a m i n e d using t h e r ap id ly changing p re sen t as a s t a r t i n g 
po in t and by ex t r apo la t i ng processes w i t h which we are m o r e or less f ami l i a r . The agr icul tura l 
t echnology of the wor ld , however, is j u s t going t h rough a period when i t is ga ther ing s t r e n g t h 
for t he nex t stage of development . T h e t a s k is a t h a n k f u l one because t h e r eques t shows t h a t 
the re is increasing in te res t f rom a b r o a d in the results of Hungar i an agr icu l tu re . 
In the professional circles fo l lowing the agr icul ture of Hungary f r o m ab road the genera l 
opinion is, t h a t in t h e 35 years since W o r l d War I I i t h a s developed a l m o s t more than it d i d 
in t h e whole of i ts previous history. Th i s opinion is s u p p o r t e d q u a n t i t a t i v e l y by s ta t i s t ica l 
d a t a , and qua l i t a t ive ly b y the obvious changes t h a t h a v e t aken place in t h e social, economic 
and poli t ical life of t h e Hungar ian vi l lage communit ies . 
However , since Hunga ry is a smal l count ry , t h e resu l t s achieved m u s t be compared t o 
the possibilities avai lable and to t he in te rna t iona l v a n g u a r d ra ther t h a n t o ourselves. 
The ex ten t t o which the la tes t p roduc t ion m e t h o d s a re applied in H u n g a r i a n agr icu l tu re 
has subs tan t ia l ly improved , while t h e f o r m s of o rgan iza t ion are suited t o t he applied t e c h -
nologies and render adequa te re la t ions wi th the process ing indust ry a n d other indus t r i e s 
possible; the sys tem of mater ia l and technica l supply a n d t h e training of specialists have b e e n 
developed, and H u n g a r i a n agricul ture also takes a s a t i s f ac to ry part in in te rna t iona l economic 
re la t ions . When eva lua t ing the p resen t s i tua t ion it c a n b e established t h a t Hungary ' s b a c k -
wardness compared t o countries w i t h a developed agr icu l ture has cons iderably lessened, 
t h o u g h it has not ceased to exist comple te ly . A considerable improvement is, however, t a k i n g 
place in t he appl ica t ion of the la tes t a n d most successful product ion m e t h o d s . Since c a t c h i n g 
* The m a n u s c r i p t was prepared in 1979. 
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u p is not j u s t a technical or technological p r o b l e m , a knowledge of the present s i tua t ion is 
par t icular ly impor t an t . H o w e v e r , an eva lua t ion of Hungar ian agr icu l ture is only possible if 
the in te rna t iona l situation a n d t h e specific H u n g a r i a n condit ions a re taken into considerat ion. 
What are t h e s e ? 
1. By E u r o p e a n s tandards H u n g a r y has t h e h ighes t percentage of land under agr icul tura l 
cu l t iva t ion (about 75%), coupled with a r e l a t i ve ly low p o p u l a t i o n density. 
2. In H u n g a r y the livestock h a s an unusual composi t ion. The p ropor t ion of a n i m a l s fed on 
grain f o d d e r is high, 8 0 % , w h i c h in itself is unpara l le led . 
3. At p resen t Hungar ian ag r i cu l tu re consists n o t only of large-scale, modern f a r m s b u t also of 
older m e t h o d s of f a rming , such as household p lo t s and p r i v a t e f a rms . 
4. Unlike m a n y other coun t r i e s which carry o u t monocul tura l product ion t he agr icul tura l 
p roduc t ion of Hungary cove r s almost the who le range of crops. Th i s "whole r a n g e " increases 
the d e m a n d s on indus t ry . 
5. H u n g a r y is a country poo r in materials a n d energy , where a l t h o u g h agricul ture is one of 
the big ene rgy consumers, i t is almost t h e o n l y energy p r o d u c e r , apar t f r o m t h e mining 
industr ies . 
I . 
F a c t s f r o m the recent pa s t and the p re sen t 
Look ing back over a f a i r ly long period i t is found t h a t s ince 1970 the a n n u a l average 
growth of agr icul tura l p roduc t i on has been twice t o two and a ha l f t imes as much as i t was in 
the decades preceding and fol lowing World W a r I I . This process is clearly s h o w n by the 
t rends of p e r cap i ta p roduc t ion in some of H u n g a r y ' s par t icular ly impor t an t crops. 
International comparison of per capita production (kg) (1977) 
Count ry Whea t Maize Vegetables Fru i t 
Hungary 499 577 215 236 
Canada 843 185 63 27 
France 329 162 123 212 
USA 254 745 115 116 
Austria 143 154 78 119 
G F B 117 9 30 57 
I ta ly 112 114 215 335 
Denmark 119 — 40 32 




The d a t a in the table also reveal t h a t as r ega rds per c a p i t a yield of wheat a n d maize 
Hungary is one of the biggest p roducers in t he w o r l d . Of the two c rops the climatic condi t ions 
of the c o u n t r y a re more f a v o u r a b l e for wheat . M o s t of Hungary fa l l s within the n o r t h e r n par t 
of the maize zone. For more t h a n ten years p r o d u c t i o n has e x c e e d e d the domest ic require-
ments , and is doing so to an eve r increasing e x t e n t . This is why H u n g a r y , which was previously 
a net food i m p o r t e r , has, since t h e end of t he s ix t ies , become a s t e a d y exporter n o t only of 
vegetable f o o d s b u t also of m e a t . Of the crop p r o d u c t i o n records achieved last y e a r t w o are 
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par t icu la r ly wor th recording, namely t h e 42.8 q/ha yield of w h e a t and the more t h a n 51 q /ha 
yield of maize. According to the r epor t of t he Central S ta t i s t ica l Office the t o t a l yield of maize 
was 12% higher t h a n it was in 1977. 
The to ta l cereal p roduc t ion exceeded 13 million tons . The value of th i s yield — at 1976 
prices — is 42 t h o u s a n d million for in ts , which is 4 6 % , i.e. near ly half , of t h e t o t a l value of 
na t iona l crop p roduc t ion . This means t h a t these crops have a great inf luence on the whole 
economy of H u n g a r y . 
The 1978 resul t s of livestock b reed ing also exceeded all previous achievements . Produc-
t i on rose in all b r anches and t he n u m b e r of l ivestock also increased on a na t iona l scale. The 
p roduc t i on value of l ivestock breeding approached 90 t h o u s a n d million for in ts , which is 
48 — 50% of the t o t a l p roduc t ion value of H u n g a r i a n agr icul ture . The s laughter pig product ion 
exceeded 11 million q, t o be exact 1 mil l ion 134 thousand tons , and the p roduc t i on of poul t ry 
for s laughter reached near ly half a mill ion tons . I t can t h u s be said t h a t for every Hunga r i an 
ci t izen more t h a n 100 kg slaughter p ig a n d 44 kg s laughter pou l t ry were p roduced in 1978. 
Of all the b r anches of food p roduc t i on livestock f a r m i n g produces t he h ighes t value, as 
is shown by the f ac t t h a t more t h a n half of H u n g a r y ' s expor t s , which a m o u n t to around 
1 t h o u s a n d million dollars , is made u p of p roduc t s of an imal origin. Meat p roduc t ion is t he 
b r a n c h t h a t has exhib i ted t he most spec tacu la r development wi th in t he agr icul ture of H u n g a r y . 
This rap id growth was suff icient to ensure t he domestic m e a t supply and to increase the expor t 
r e t u r n s a t t h a t t ime . The rapid g rowth required was achieved pr imar i ly b y an increased 
u t i l iza t ion of high energy grain fodders . This par t ly explains t he unusua l l ivestock composit ion 
in H u n g a r y , i.e. t h e high propor t ion of grain-fed animals . I n connect ion w i t h this , another 
record has been a d d e d to those men t ioned above, t hough this should be eva lua t ed somewhat 
d i f fe ren t ly : more t h a n 10 million tons of gra in fodder t o a va lue of 44 —45 t h o u s a n d million F t , 
were used in the c o u n t r y last year , which is only 1% more t h a n in 1977. Thus , t he efficiency of 
gra in fodder ut i l izat ion has improved, since the increase in grain fodder consumpt ion , which is 
t h e " f u e l c o n s u m p t i o n " of mea t p roduc t ion , was lower t h a n t he increase in p roduc t ion itself. 
Food prices h a v e na tu ra l ly risen subs tant ia l ly over t he last twen ty years . The price of 
po rk , for example, has doubled compared to 1957. B u t for t he same a m o u n t of pork the 
ave rage Hungar i an worker works 1 hou r less today t h a n he did in 1957, w h e n t he average 
m o n t h l y wage was a b o u t 1444 F t (in 1977 t he average wage exceeded 3250 F t ) . In the same 
w a y , one- third as m a n y working hours are needed now in order to b u y 1 l i t re of cooking oil 
a n d half as many to b u y 1 l i t re of milk a n d the list could be cont inued wi th o the r foods, not 
only t h e basic ones. E v e r y t h i n g t o d a y is re la t ively cheaper ; t he housewife p u t s more into her 
shopp ing basket for 1 F t t h a n before. 
I ment ioned above t h a t H u n g a r y has an unusual ly high propor t ion of cu l t iva ted land. 
Nea r ly 75% of the t o t a l area of the c o u n t r y is utilized for agr icul tura l p roduc t ion even today . 
This propor t ion is good b y in te rna t iona l s t anda rds , in spite of t he fac t t h a t in t h e pas t three 
decades the agr icul tural ly uti l ized area has been reduced b y 700 thousand h a . Fores ts have 
been p lan ted on half t he area w i t h d r a w n f r o m agricul ture, mos t ly on lands of poorer qual i ty , 
b u t p a r t l y for env i ronmenta l protect ion purposes . The o ther half has been used for industr ial iza-
t ion , communica t ions and housing. I t is a s t r ange contradic t ion, b u t on m a n y t h o u s a n d hectares 
of l and earlier used for agr icul tural p roduc t ion new towns , housing es ta tes , indus t r ia l and 
min ing plans, water works and roads, which are no less necessary, are now f o u n d . A n d it should 
be a d d e d t h a t this process, the reduc t ion of the agr icul tural a rea , has not s t opped ; it is still 
going on, though not so f a s t as in previous decades, and has a l ready advanced f a r t h e r t h a n was 
p l a n n e d for 1980. U n f o r t u n a t e l y , th i s t endency , which is charac ter i s t ic of t h e economically 
developing countries, ha s t o be reckoned w i t h as an object ive s i tuat ion in t h e f u t u r e too. 
I n its agr icul tura l policy t he H u n g a r i a n government has t a k e n numerous measures to 
s top or slow down t h e reduc t ion of t he agr icul tura l area. 
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Thus , in the f u t u r e agr icul tural a reas can only be used for o ther purposes where this is 
unavo idab le , and even t h e n only 011 poor q u a l i t y land. At the same t ime ways m u s t be sought 
in which to extend agr icu l tu ra l product ion to cover new areas. Unfo r tuna t e ly , wi th the present 
ex tens ive t o w n planning policy there is l i t t le likelihood of th i s succeeding. 
The re is every jus t i f i ca t ion for scientif ic invest igat ions a imed at a re la t ive extension of 
the p roduc t i on area by m e a n s of up - to -da t e soil nu t r ien t m a n a g e m e n t and amel iora t ion and 
by p l an t i ng the crop bes t su i ted to a given a rea . Significant resul t s have a l ready been achieved 
in th i s f ie ld. I t is well k n o w n t h a t in spite of t he reduct ion in a rea ment ioned above , Hungar i an 
agr icu l tu re produces m a n y t imes more t h a n it did before. The ra t ional u t i l iza t ion of the 
agr icu l tura l area is still n o t complete. People in H u n g a r y are beginning to realize t h a t the land 
is a n a t i o n a l t reasure which is i rreplaceable. 
The amoun t or p ropor t ion of cu l t i va t ed land is only one of the c o m p o n e n t s in the 
agr icu l tu ra l product ion po ten t i a l . The o the r , no less i m p o r t a n t fac tor is the popu la t ion densi ty, 
pa r t i cu la r ly the densi ty of t h e agr icul tural popula t ion . 
According to official s tat is t ical d a t a the number of agr icul tura l earners in H u n g a r y is 
now a b o u t 1 million, app rox ima te ly 18% of the to ta l n u m b e r of active earners . Accordingly, 
every f i f t h person of work ing age is engaged in agricul tural work . 
T h e question is o f t e n raised, w h e t h e r th is propor t ion is high or low compared to other 
count r ies . The reader is no doubt famil iar wi th the s ta t is t ical d a t a which show t h a t this pro-
por t ion is substant ia l ly lower in the economical ly developed countr ies , where only every t e n t h 
or t w e n t i e t h worker is employed in agr icul ture . Such compar i sons are designed to prove, 
whe the r openly or not , t h a t Hungar i an agr icu l tu re employs an unreasonab ly large labour force 
in a c o u n t r y where th is l abou r force is b a d l y needed in o ther f ields too. C o m m e n t s can also be 
hea rd to t he effect t h a t if Hungar i an agr icu l tu re consists mos t ly of large f a r m s and the 
mechan iza t ion of the d i f f e r en t agr icul tura l opera t ions is a t a h igh level, why is i t t h a t 17 — 18% 
of t h e act ive earners still work in agr icul ture , in cont ras t to countr ies wi th a highly developed 
agr icu l tu re where th is p ropor t ion is 10% or less, despite t he f ac t t h a t in these countr ies the 
m a j o r i t y of f a rms are smal l , so the level of mechaniza t ion is obviously not as high. However , 
the in te rna t iona l m e t h o d of evaluat ion g roups earners basical ly by organiza t ion and not 
by ac t iv i ty . 
A considerat ion of t h e special n a t u r e of the H u n g a r i a n s i tua t ion , as men t ioned above, 
name ly t he ou t s t and ing ly high propor t ion of agr icul tural ly cu l t iva ted area a n d the relat ively 
low popu la t ion dens i ty , immedia te ly clarif ies th is f igure. T h e scope of ac t iv i ty on the Hun-
gar ian large-scale f a r m s is no t restr ic ted only to agricul ture . A considerable p ropor t ion of those 
work ing on the f a r m s are involved in indus t r i a l work or servicing r a the r t h a n agricul tural 
act ivi t ies , nevertheless, on an organiza t ional basis, they f igure as agr icul tura l workers in the 
s ta t i s t ica l da ta . Abou t a q u a r t e r of t h e m , however , canno t in f ac t be regarded as agricul tural 
workers . So the p ropor t i on of agr icul tura l earners can be p u t a t abou t 14 — 15% a t present . 
A l t h o u g h the componen t s of this p ropor t i on can be compared wi th the in t e rna t iona l rat ios, 
to j u d g e it correctly o t h e r fac tors mus t also be t aken in to accoun t . I t is i m p o r t a n t to consider, 
for example , to wha t e x t e n t a given c o u n t r y expor t s or impor t s food. I n H u n g a r y t he na tu ra l 
condi t ions are known to be favourable for agr icul tura l p roduc t ion . There is a high propor t ion 
of a rab le l and , orchards a n d vine-growing areas , and a considerable a m o u n t of food is expor ted . 
In E n g l a n d , on the o t h e r h a n d , arable l and only takes up 2 9 % of t he agr icu l tura l a rea , and half 
the food requi rements a re obta ined f r o m o t h e r countries. I t is obvious t h a t t h e propor t ion of 
agr icu l tu ra l earners is necessari ly d i f fe ren t . This is why t h e a rea of arable l and , garden and 
o rcha rd per agr icul tura l earner was 7.3 h a in H u n g a r y in 1975. I n this respect H u n g a r y is in 
f o u r t h place among t h e 18 countries w i t h a developed agr icul ture . The na t iona l economic 
plans reckon with a decrease in the n u m b e r of active earners to about 500 t h o u s a n d by 1990. 
so t h a t t he propor t ion;of act ive earners work ing in agr icul ture will t hen he abou t 10%. 
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T h e mult isector ia l n a t u r e and the d ivers i ty of economic organiza t ion are in t e res t ing 
charac te r i s t i cs of the agr icu l tu re of H u n g a r y , in o thers words, t h e f ac t t h a t p r o d u c t i o n is 
carried o u t in b o t h s ta te organizat ions , co-opera t ives and in the p r i v a t e sector. H o w e v e r , the 
socialist sector plays a decisive role in H u n g a r y ' s agr icul ture , a n d t h i s is divided in to s t a t e and 
co-operat ive "o rgan iza t ions" . 
T h e sectorial division can be best charac te r ized by t he d i s t r ibu t ion of l and , t h e most 
i m p o r t a n t m e a n s of p roduc t ion . 
Agr icul tura l area of the H u n g a r i a n People 's 
Repub l i c : 9 million 303 t h o u s a n d ha 100% 
of which I . managed b y t h e socialist sector: 8 ,, 747 „ ,, 94% 
Within this 
— sta te or social p rope r ty : 2 „ 826 ,, „ ( 3 0 % ) 
— managed a n d owned by co-
operat ives : 5 „ 921 „ „ ( 6 4 % ) 
I I . personal and p r i v a t e p roper ty : — 556 ,, ,, 6 % 
Within this 
— pr iva te f a r m s — 186 „ ,, ( 2 % ) 
of which 
larger t h a n 0.5 ha 128 „ „ ( 1 . 4 % ) 
smaller t h a n 0.5 ha (6000 m2) 58 „ „ ( 0 . 6 % ) 
— supp lemen ta ry f a r m s 370 „ ,, ( 4 % ) 
T h e mult isectorial cha rac t e r of agr icul ture has a historical backg round . And so h a s the 
fact t h a t ins tead of ca r ry ing on their act ivi t ies separa te ly t he p roduce r s are l inked t o each 
other b y a t housand t h r e a d s . The "household p l o t s " and " s u p p l e m e n t a r y f a r m s " a re not 
really " p r i v a t e f a r m s " a t all; t h e y work u n d e r socialist p r o d u c t i o n conditions, w i t h the 
assistance of t he large-scale f a r m s , using t he l e t t e r ' s technical, technological and commerc ia l 
background . This is def in i te ly one of the fac tors responsible for t h e success achieved b y H u n -
garian agr icu l tu re in the p a s t , a n d will be so in t h e f u t u r e too. 
H. 
Guarantees for t he fu tu re 
T h e na t iona l economy of Hunga ry , inc luding t h e agricul ture, will soon reach t h e e n d of 
the f i f t h f ive -year plan. P r e p a r a t i o n s and calcula t ions for the s ix th f ive-year plan a re n o w in 
progress, so i t is quite n a t u r a l to review the endeavou r s we have m a d e u p to now a n d , a f t e r 
compar ing t h e m to the new prob lems life has ra i sed , t o decide which of t h e m should be ma in -
tained a n d wh ich changed. 
T h e m e d i u m t e r m objec t ives of Hunga r i an agr icul ture can be c lear ly formula ted w i t h o u t 
going in to detai ls : for t h e eighties some f u n d a m e n t a l quest ions, whi le gradually increas ing 
quan t i t a t i ve ly , have u n d e r g o n e qual i ta t ive changes , have become prob lems of q u a l i t y a n d 
have s u d d e n l y assumed new aspects . An answer t o these challenges m u s t be fo r thcoming and 
if this is f o u n d there will be some hope t h a t in t w o or three gene ra t ions ' t ime, when all t he 
raw mate r i a l s a n d fossilised energy sources of t he c o u n t r y have been deple ted , agr icu l tu re will 
be capable, b y means of i ts m a t e r i a l and in te l lec tual expor ts , to p r o v i d e those resources which 
the c o u n t r y will no longer be able to produce for i tself. W h a t are these challenges? 
1. The r e d u c t i o n of the agr icu l tu ra l labour force. 
2. The increasing economic sensi t iv i ty and growing energy and asse ts requi rements of agri-
cul tural p roduc t ion . 
3. The s t r eng then ing of p ro tec t ion is t tendencies in agr icul tura l world p roduc t ion . 
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4. T h e contradic t ion be tween the u n c e r t a i n vegetat ion per iod caused by t h e cont inenta l c l imate 
a n d the long v e g e t a t i o n period r e q u i r e d for high y ie ld ing varieties. 
5. T h e ecological c a p a c i t y of our e n v i r o n m e n t . 
I t should a l r e a d y be obvious a t present whe the r challenges can be m e t , and if so, how. 
T h e answer is in f a c t qu i te clear; t h e long te rm d e v e l o p m e n t plans for agr icu l tu re and t he food 
i n d u s t r y are based o n the fact t h a t t h e challenges c a n be me t , and t h a t t h e objectives can be 
wel l defined. F u n d a m e n t a l l y , d e v e l o p m e n t can be expec ted in th ree spheres : in personnel 
t r a in ing , in science a n d in the i m p r o v e m e n t of p lann ing . 
All the signs indicate t ha t t h e r e is jus t i f icat ion fo r expecting an increase in the s t a n d a r d 
of t h e research ca r r i ed out at H u n g a r i a n universi t ies a n d colleges, w i t h t he obvious con-
sequence tha t t h e process of i n n o v a t i o n will be speeded u p . Here we a re t h ink ing not only of 
t h e agricultural ins t i tu t ions , a l t h o u g h t h e improvemen t in the s i tuat ion t he r e is conspicuous, 
b u t also of the who le of higher e d u c a t i o n , since nea r ly every profession p l ays a role, d i rec t ly 
or indirectly, in t h e huge machinery w h i c h serves H u n g a r i a n agricul ture. A n d the accelera t ion 
of t he innovation process is a key i s sue in the ques t ion of whether H u n g a r i a n agricul ture a n d 
t h e food indus t ry wil l be able to k e e p pace with t he changes in m a r k e t d e m a n d s and c o m p e t e 
o n the in te rna t iona l food marke ts w i t h products whose composit ion a n d s t a n d a r d meet all t h e 
requi rements . 
On the o t h e r h a n d , the half- l i fe of knowledge in agricul ture is decreas ing a t a more a n d 
m o r e noticeable r a t e . I t is t hus obv ious t h a t if agr icu l tu ra l exper t s are to be capable of 
adequa te ly t a ck l i ng t h e problems of t h e eighties t h e y m u s t be t ra ined w i t h different m e t h o d s 
t h a n those used e v e n 15 years ago. T h e revo lu t ionary changes t h a t h a v e occurred in agri-
cu l tu ra l t echn iques a n d technology m u s t take place in t h e methods of t ra in ing as well. T h e 
t a s k facing the h i g h e r educational ins t i tu t ions is, howeve r , more t h a n s imply supplying H u n -
g a r i a n agricul ture a n d the food i n d u s t r y with pol i t ical ly , professionally and morally su i t ab le 
cand ida tes for l eade r sh ip . 
The f u t u r e d e m a n d s more t h a n this . Greater emphas i s should be la id dur ing t ra in ing on 
t h e development of personali ty, in o r d e r to produce open-minded expe r t s who are able t o deal 
w i t h the h u m a n a s p e c t s of work a n d t o keep order a n d discipline. 
The rise in t h e s tandard of p roduc t ion b r ings u s directly t o t h e subject of app ly ing 
scientif ic resul ts in practice, and ind i rec t ly to t he ques t ion of wha t he lp science is l ikely t o 
g ive in solving t h e problems of t h e n e x t decade. T h e quest ion ev ident ly has two sides: f i r s t , 
improvement in t h e reliability, i .e. efficiency of ex i s t ing product ion processes and secondly, 
t h e introduct ion of new technologies which exist t o d a y on a labora tory scale a t most . 
The f i r s t r a n g e of ideas inc ludes the p r o d u c t i o n of new cold a n d drought t o l e r a n t , 
disease resis tant va r ie t i e s to increase t h e dependabi l i ty of crop p roduc t ion ; in livestock f a r m -
ing the deve lopmen t of breeds w i t h b e t t e r r ep roduc t ion abili ty; f u r t h e r m o r e , a par t ia l change 
i n agrometeorological or soil cond i t i ons and the i n t roduc t i on of high yielding plant var ie t ies 
w i t h a high p r o t e i n content in gene ra l product ion. A n o t h e r requ i rement in this context is t h e 
considerably b e t t e r uti l ization of so lar energy. 
The second r ange of ideas inc ludes possibilities t h o u g h t by some t o belong to the sphere 
of science f ic t ion , such as control l ing t h e sexual r a t io , producing new breeds by gene su rgery , 
or artificially i n d u c i n g photosynthes is , etc. All these scientif ic possibilities are in the process of 
real izat ion; some of t h e m have a l r e a d y been solved o n a laboratory scale. 
Following personnel t ra in ing a n d scientific advances , the th i rd f ie ld where progress c a n 
b e expected is in macro- and microeconomic p l ann ing work. This m e a n s , f u n d a m e n t a l l y , t h e 
b e t t e r ut i l izat ion of the possibili t ies offered by socialist land ownersh ip and the socialist 
p l anned economy, a n d thereby t h e crea t ion of a h a r m o n i o u s balance. 
P r o p o r t i o n a t e development , t h e continuous i m p r o v e m e n t of m a n a g e m e n t , an increase in 
t h e per formance a t t a ined with t h e given labour force , land, ma te r i a l s and tools, a n d t he 
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rea l iza t ion of var ious object ives us ing t h e lowest possible inves tment a r e increasingly b e c o m -
ing t h e precondi t ions a n d sources of intensive, d y n a m i c deve lopment i n agriculture a n d t h e 
food indus t ry . Consequent ly , p ropor t iona l i ty must be a i m e d at much m o r e systemat ical ly w h e n 
in t eg ra t ing the ver t ica l un i t s in d i f f e r en t branches, or g r o u p s of b ranches , of agriculture a n d in 
co-ordinat ing the act ivi t ies of those b r anches of t he na t iona l economy connected w i t h agr i -
cu l tu re , t h a n has been done in the p a s t . 
P ropor t iona te deve lopment m u s t , of course, cover the whole ve r t i cum, ye t spec ia l 
a t t e n t i o n should be pa id in the y e a r s t o come to t he re laxa t ion of t h e tensions which e x i s t 
be tween agricul ture a n d food p roduc t i on in space, t ime , qual i ty and c a p a c i t y . When s u p p l y i n g 
food to t he consumer a n d fulfilling t h e demands of l ight indus t ry the a g r i c u l t u r e of the c o m i n g 
years will be character ized not only b y a quan t i t a t ive g rowth , but also b y an increase in t h e 
value of t he componen t s of the p r o d u c t s , a higher degree of process ing, a wider choice of 
p r o d u c t s and more var ied demands f r o m the consumer. A n increase in p r o d u c t i o n is bas ica l ly 
equ iva len t to a widening in the s tocks available for expo r t , which is impossible w i t h o u t a 
f u n d a m e n t a l deve lopment and mode rn i za t i on of compet i t iveness . A n improvemen t in t h e 
qua l i ty of the p r o d u c t s and in t he economic eff ic iency wi th which t h e y are produced a r e 
becoming decisive f ac to r s on both t h e domest ic and fore ign markets . 
I t is evident t h a t agr icul tura l p roduc t ion and t h e food i ndus t ry c a n only sa t is fy t h e 
domest ic food requi rements , and mee t t h e demands of l i gh t indust ry , e x p o r t a n d e n v i r o n m e n t a l 
p ro tec t ion , if the necessary mater ia ls , m e a n s and economic conditions, a r e available t o t h e m 
as an organic pa r t of t he nat ional e conomy , acting in close co-operation w i t h other b r a n c h e s 
according to their m u t u a l interests . I n agricul ture , wh ich is gradually b e c o m i n g indus t r ia l ized , 
and in t he food i ndus t ry too, the role a n d responsibil i ty of those H u n g a r i a n industries w h i c h 
supply product ion tools, as well as t h a t of foreign and domest ic t rade , will continue t o g r o w . 
Thus , in the agr icul ture of t he eighties we shall wi tness a change in t h e p ropor t ions of 
the " n a t i o n a l economy blocks". The r a t i o of the blocks f o r m e d by the f o o d indus t ry , i n d u s t r i e s 
m a n u f a c t u r i n g p roduc t ion tools and t h e servicing sector will grow c o m p a r e d to ag r i cu l tu re . 
So H u n g a r y will come closer to the agr icul tural ly deve loped countries i n th i s respect t o o , a s 
was po in ted out a t t he conference of agr icul tura l economis t s held in D i j o n in 1978. 
The exploi ta t ion of growing si te po ten t ia l in agr icu l tu re is of special impor tance , as i t i s 
in the mining industr ies . Different c rops have defini te cl imatic , soil a n d o the r r e q u i r e m e n t s 
t h a t can only be proper ly satisfied in ce r t a in regions or areas . The n a t i o n a l economy a n d t h e 
co-operat ive and s t a t e f a r m s are all equa l ly interested in concentra t ing c rops on op t imum s i t e s 
and increasing the division of labour b e t w e e n enterprises a n d areas. 
P lann ing can a n d m u s t be m a d e m o r e consistent in all fields of m a n a g e m e n t . The p l a n -
ning of inves tment eff iciency plays a decisive role in th i s , par t ly by coun te rba l anc ing r i s i ng 
costs. This means t h a t more precise assessments t h a n are m a d e at present m u s t be made of t h e 
prospect ive yield, the modif ica t ions in q u a l i t y and i n d e x values and of t h e direct and i n d i r e c t 
effects which canno t be expressed numer ica l ly , which c a n be expected f r o m a given q u a n t i t y 
and t y p e of inves tments or f rom add i t iona l inves tments . 
* 
In Central E u r o p e t he concept of agricultural , pea san t ' s work w a s once in sepa rab le 
f r o m t h a t of immobi l i ty and lack of change . However , in t he eighties a n d nineties th is v e r y 
agr icul ture will be t he scene of the biological revolution wh ich will follow t h e electronic r e v o l u -
t ion. This is the basis for our f i rm belief t h a t there are m a n y more ce r t a in t i e s than ques t ion -
m a r k s in the fu tu re of agricul ture. 
P . R O M A N Y 
Minis ter of Agr icu l tu re and Food of t h e 
Hungar ian P e o p l e ' s Republic 
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* 
PÁL, GY.: It is e s t ima ted that the wor ld population will increase f rom 3.3 thousand mill ion 
in 1960 to 4 .4 thousand mil l ion by 1980 and will reach 6.4 thousand million in 2000. 
In your op in ion , is a fast , in tens ive increase in t h e yields obtained on t he existing agr i -
cultural a r e a s t h e only way t o sat isfy the food requi rements of t he rapidly increasing 
world popu la t ion , and of a reas which are a l ready insuff icient ly supplied with food, or is 
there any o t h e r solution to t h e world demand for food? 
Á c s , A.: I do no t t h i n k we should accep t a single so lu t ion t o the question as being exclusively 
correct. I t m u s t be approached f r o m various sides. For my pa r t I will ment ion only a 
few points . 
T h e available a rab le a rea must be u t i l ized be t te r and m o r e efficiently. Yield 
averages subs t an t i a l l y higher t h a n the presen t ones could be a t t a i n e d on the same 
acreage. F a c t o r s acting on t h e yield should be regarded and t r e a t e d in a complex 
manner . N u t r i e n t s , water, mel io ra t ion , va r i e ty a n d technical condi t ions should be con-
sidered t o g e t h e r . The upper l imi t is represented b y the solar energy , of which only a 
small p r o p o r t i o n is utilized t o d a y . 
- A n o t h e r possibility is to produce f o o d s t u f f s f rom m a t e r i a l s of other t h a n 
agr icul tura l origin. Alga cu l tu res , for example, m i g h t be one of t he sources. 
- S y n t h e t i c mater ia ls m a y also help in solving the urgent food supply problems. 
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The world in general is re la t ive ly poor in p ro te in , so special a t t en t i on should be 
paid to p ro te in p roduc t ion . Foods tu f f s of an ima l origin represen t one of the m a i n 
sources. This ra ises t he i m p o r t a n c e of fodder p roduc t ion . 
BAUER, F. : Apar t f r o m increasing t h e yield on the exis t ing agr icul tura l a reas there are con-
siderable reserves available w h i c h could be used t o cover t he ever increasing food 
requi rements of t h e world p o p u l a t i o n which have no t been suff ic ient ly exploited so f a r . 
These include t h e a b u n d a n t vege t a t i on of the t ropics , a n d t he possibilit ies of alga pro-
duct ion and indus t r i a l pro te in p roduc t ion . 
ВЕКЕ, F. : The seas p roduce abou t e igh t t imes as m u c h organic m a t t e r as t he terres t r ia l p lan t s . 
The dry l ands uti l ize abou t 1 —1.2 tons of ca rbon a year , which corresponds to some 
5 tons of organic m a t t e r . Of th i s one - t en th may be h u m a n food or t r a n s f o r m able nu t r i en t . 
The annua l c a r b o n assimilat ion of t he ear th , inc luding t h a t of t he seas, is 175 t housand 
million tons of ca rbon . This m e a n s about 400 t h o u s a n d million t o n s of organic m a t t e r . 
Of this 7 — 8 t h o u s a n d million t o n s of carbon is sui table for h u m a n nut r i t ion . The 
annual ca rbon r equ i r emen t of m a n is 0.54 tons. This is used for nu t r i t i on either direct ly 
or af ter t r a n s f o r m a t i o n (animal , processing). 
Thus , t h e E a r t h is capab le of sustaining 8 X 109 : 5.4 x l O - 1 = 1 5 x l 0 9 , i.e. 15 
thousand million people. 
ВЕКЕ, I.: The food supp ly can be ensured f rom the exis t ing areas, for t h e foreseable f u t u r e , 
t h rough a r a p i d , intensive increase in yields. 
F u r t h e r possibilities of yield increase: 
a) By ex t end ing the cu l t iva t ion area t he food supply of t he rap id ly increasing 
popula t ion could be improved . 
b) The in tens ive cu l t iva t ion of the oceans, by exploi t ing f i sh a n d algae, and t he 
es tabl ishment of art if icial is lands offer fu r the r possibilities. 
c) The indus t r ia l p roduc t i on of simple pro te in , and la ter , a f t e r 2000, t h a t of 
complex pro te ins and c a r b o h y d r a t e s . The synthe t ic p roduc t ion of ce r ta in v i t amins a n d 
essential amino acids is a l ready possible. The bar r ie rs facing th i s k ind of indus t r ia l 
product ion a t ou r present level of knowledge are no t impassable , a n d their r emova l 
would mean boundless possibili t ies in supplying t h e world popu la t ion wi th food. 
BuzÁs , I.: A relat ively easy calculat ion on the basis of t he F AO surveys reveals t h a t if agri-
cul tura l yield resu l t s all over t h e world were raised to a level corresponding to a good 
medium at p resen t , six t imes t h e present world popu la t ion could be supplied wi th food 
f rom the exis t ing agr icul tura l a r ea so t h a t nobody would s ta rve . 
Considering t h a t large a reas suitable for agr icu l tura l p roduc t i on are still un -
exploited, and t h a t in m a n y coun t r i e s the yields are art if icial ly k e p t down to a re la t ively 
low level, I t h i n k t h a t the wor ld agriculture is theore t ica l ly capable of supplying 40 
thousand million people wi th food . 
This, however , is only a possibility. At p resen t people are s ta rv ing in m a n y 
countries where t h e cl imate a n d t h e soil condi t ions are m u c h more su i table for p roduc-
ing food crops t h a n , for example , in Holland. This general backwardness is the con-
sequence of t he monocu l tu re m e t h o d of agr icul tura l cu l t iva t ion , inher i t ed f rom colonial 
t imes. The l iqu ida t ion of th i s backwardness is p r imar i ly a ques t ion of world policy 
r a the r t h a n of agrochemis t ry . I t is also a ques t ion of politics, in spi te of the above , 
whether it will be easier and m o r e expedient to concen t r a t e on t h e deve lopment of ag-
r icul ture in a given coun t ry or t o in t roduce some o ther means of food product ion as y e t 
unknown or k n o w n only in out l ine . (For example alga p roduc t ion on var ious cu l tu re 
media of indus t r i a l origin.)| 
DEBRECZENI, В.: Of t he 6.4 t housand mil l ion people expec ted t o live on t h e E a r t h at tLo t u r n 
of the cen tury 7 7 % will live in t h e present developing countr ies (La t in America , Afr ica , 
Asia) while t he share of the deve loped countr ies ( F u r o p e , N o r t h Amer ica) in the t o t a l 
world popu la t ion will fall f r om 30 t o 23%. This shows t h a t h u m a n reproduc t ion is no t 
un i form; the demograph ic explos ion which causes serous problems occurs on the ve ry 
areas where t h e level of economic development is low even now, so t he living s t a n d a r d 
of the popula t ion is also less f avourab le . This popu la t ion g rowth c rea tes a demand for 
enormous a m o u n t s of food, wh ich , in tu rn , calls for a still more in tensive and more 
uni form deve lopmen t of world agricul ture . Unl ike t he old and new propounders of 
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Mal thus ian i sm we believe t h a t t he deve lopmen t of means b y which a rise in produc t ion 
c a n be ensured, e.g. chemiza t ion , can be subs tant ia l ly f a s t e r t h a n t he increase in the 
popu la t ion . This r equ i r e s , however , j u s t e r social sys tems and condi t ions, since the 
economic welfare of a c o u n t r y depends p r imar i ly on t he c o u n t r y itself, w i t h t h e assist-
ance of more developed countr ies . T h e a m o u n t of food r equ i red t o sa t i s fy t h e require-
m e n t s of t he world p o p u l a t i o n a t t h e t u r n of t he cen tu ry can be p roduced on t h e exist-
ing agricul tural areas . According t o Pe te rburgsk i ' s calculat ions , if t he yields in the 
whole world could be ra ised b y m e a n s of fer t i l izat ion to t h e level a l ready a t t a i n e d , for 
example , by Hol land , t h i s would suff ice t o supply 28 t h o u s a n d million people with 
food . Thus , to answer t h e quest ion: w i t h t he fullest possible ut i l iza t ion of t h e present , 
a n d in some places n e w agr icul tura l a reas , and wi th s imul t aneous changes in t h e social 
s t r u c t u r e s of the deve loping countr ies , t h e food supply of t h e world popu la t i on will be 
ensured in the nex t m i l l e n i u m too. 
DEBRECZENI, I . : Economis t s and nu t r i t i ona l exper t s have been s tudy ing t he re la t ionship 
b e t w e e n t he world popu la t i on and t h e a m o u n t of agr icul tura l goods p roduced for nearly 
t w o h u n d r e d years, s t a r t i n g wi th T. R . Ma l thus in 1798. T h e resul t is a lways t he same: 
t h e a m o u n t of food is n o t suff ic ient fo r t h e h u m a n race , in some p a r t s of t h e world 
mil l ions are s tarving. 
Y e t , in spite of t h e cold numer ica l f ac t s for the wor ld , t h e s i tua t ion in t he 20th 
c e n t u r y , more exac t ly f r o m 1930 to 1970, has in m y opinion, improved . The yields of 
c rops like whea t , r ice, bar ley and maize , wh ich serve d i rec t ly or indirect ly as h u m a n 
n u t r i t i o n , have increased a t a fas te r r a t e t h a n the world p o p u l a t i o n (Tables 1 and 2). 
I n 1930 t he world p o p u l a t i o n was 2070 mill ion, and over t h e n e x t f o r t y yea r s t h e growth 
w a s 1.75-fold. Dur ing t h e same per iod t he yield increased 2.42-fold in whea t , 3.40-fold 
in rice, 3.24-fold in ba r l ey and 2.60-fold in maize. 
On the basis of numerica l d a t a on t he growth of t h e world popu la t ion and the 
t o t a l yield of m a j o r crops in t he pa s t f i f t y years there is no reason t o w o r r y abou t the 
f u t u r e . Firs t ly , it is def in i te ly possible t o increase t he t o t a l q u a n t i t y of yield. Where 
t h e r e is a shortage of food owing to t h e low yields of f ield crops, b u t t he soil is suitable 
for agr icul tural cu l t iva t ion and t he people can work in peace , t h e use of a simpler form 
of t h e technology deve loped in coun t r i e s wi th efficient agr icul tura l p roduc t i on m a y 
doub le t he yield on a reas covering t e n s of millions of hec ta res . 
Besides t he possibili t ies of increas ing the to ta l q u a n t i t y of m a j o r food i tems 
p r o d u c e d in the wor ld , t h e g rowth of t h e world popu la t ion m u s t also be object ively 
ana lysed . The ever increas ing r a t e of g r o w t h should be r ega rded as a f ac t in itself. If the 
wor ld popula t ion in 1930 is t a k e n as 1.00, t he f igure a t twelve-year in te rva ls is: 1.10, 
1.21, 1.44 and 1.75. I n E u r o p e , inc luding H u n g a r y , however , t he r a t e over the las t f i f t y 
y e a r s is lower. The popu la t ion in 1970 compared to 1930 has increased in t he world 
1.75-fold, in Europe 1.27-fold and in H u n g a r y 1.18-fold. This is t he resul t of modern 
f a m i l y planning, t h e deta i ls of which need not be given here . The resul t s achieved by 
fami ly planning, as one of t he n u m e r o u s measures aimed a t supply ing t h e publ ic , are by 
no m e a n s negligible. T h e idea of f ami ly p lann ing will p r o b a b l y be adop ted and p u t into 
p rac t i ce within a reasonable t ime even b y those countr ies where it is no t k n o w n as yet . 
GYŐRI, D . : I n m y opinion t he food supply of t h e popula t ion can and m u s t be ensured up to 
70 — 8 0 % by an in tens ive increase in yield ' on t he exist ing agr icul tura l areas . A n y other 
m e t h o d can only be t a k e n in to cons idera t ion as a s u p p l e m e n t a r y solut ion for t h e next 
20 — 30 years. 
The area su i table for agr icu l tura l p roduc t ion can only he increased modera te ly 
a n d w i t h considerable addi t iona l i nves tmen t s , and diff icul t ies are also caused by the 
f a c t t h a t these l ands are generally a long way f rom areas where t he technica l level is 
suf f ic ient ly high. Agr icu l tu ra l p r o d u c t i o n is carried out a t p resen t on abou t 10% of the 
l a n d area of the E a r t h . An increase in t h e arable area t h u s seems to be possible. 
HARASZTI, E . : The ever increasing food r e q u i r e m e n t s of t h e world popu la t ion canno t be 
covered in the long r u n f r o m the exis t ing agr icul tura l a reas merely b y a rap id and 
in tens ive increase in yields. A f u r t h e r possibil i ty is of fered b y an i m p r o v e m e n t in the 
genet ic potent ia l of p l an t s , and the evolu t ion and commerc ia l p roduc t ion of new high-
yie lding varieties a n d hybr ids . B u t a f u r t h e r increase in yield can be a t t a i n e d b y soil 
biology, ecological, cu l t i va t ion and agrotechnica) measures a d j u s t e d to t h e d e m a n d s of 
t h e up- to -da te var ie t ies ; by bas ing p roduc t ion on i r r igat ion, mechan iza t ion and crop 
organiza t ion; and las t b u t not least b y eff icient weed and pes t control . 
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The biologists and plant physiologis ts are f aced wi th an i m p o r t a n t t a sk , since i t 
is t h r o u g h thei r research t h a t more will be known on t h e role and ef fec t iveness of photo-
synthesis , a n d it m a y prove possible t o increase t he assimilat ing surfaces of living cells 
or t he energy-b inding capaci ty of p l a n t p igments , a n d consequent ly increase t he organic 
m a t t e r p roduc t ion of plants . 
HARMATI, I . : The r ap id a n d intensive g r o w t h of agr icul tura l p roduc t ion will be possible for a 
long t ime to come all over the wor ld . T h u s it will be possible to supply t h e popula t ion 
w i t h food w i t h o u t any great d i f f icu l ty for m a n y y e a r s in those pa r t s of t h e world where 
t h e densi ty a n d g r o w t h ra te of t he p o p u l a t i o n are no t too high and t he agr icu l tura l area 
is not too small . I n those par t s of t h e wor ld , on the o t h e r hand , where, owing to the high 
popu la t ion dens i ty and the backwardnes s of the agr icu l ture , there is a l r eady a shor tage 
of food , and where , in addit ion, t h e popula t ion g r o w t h r a t e is also h igh , nu t r i t ion will 
cause more a n d m o r e serious p rob lems . I do not t h i n k it likely t h a t t h e food supply of 
such areas can be pe rmanen t ly solved b y impor ts . T h e problem migh t be p u t off by an 
in tensive and sys t ema t i c reduct ion in t h e b i r th - ra te toge the r with a s u b s t a n t i a l increase 
in agr icul tura l p roduc t ion . 
As t he popu la t ion increases, if t h i s involves a reduct ion in t he pe r capi ta food 
ra t ions , food p roduc t ion will assume increasing i m p o r t a n c e and become a centra l issue. 
S t a rva t i on , a n d t h e question of su rv iva l , will no d o u b t force the h u m a n race to m a k e 
enormous ef for t s . I t is possible t h a t , besides a man i fo ld increase in t h e in tens i ty of 
agr icul tura l p roduc t i on and the i n t roduc t i on of food ra t ion ing , the sho r t age of food will 
also be lessened b y artif icial food p roduc t s . Man will he compelled t o ut i l ize for agri-
cu l tu ra l p roduc t i on areas t h a t h a v e h a r d l y been cu l t i va t ed up till now, or no t a t all, 
such as deserts , a lkal i wastes and jung les . I n order t o increase the in t ens i ty of produc-
t ion , t he l ight a n d solar energy a n d t h e water resources will have t o be m u c h be t t e r 
exploi ted t h a n t h e y are now. A t t e m p t s will be m a d e t o maximize t h e ut i l iza t ion of 
p rec ip i ta t ion w a t e r so as to ensure cons is tent ly large yields. Through t h e ex t r ao rd ina ry 
deve lopment of technology comple te ly new p roduc t i on procedures will no doubt be 
e labora ted , new t y p e s of food m a n u f a c t u r e d , etc. The re are thus ample possibilit ies for 
increasing the v o l u m e of food p roduc t ion . 
Besides t he food supply, a serious problem will p robably be caused b y the rapid 
pol lu t ion of t he env i ronment , which is a concomi tan t of deve lopment . As indus t ry 
progresses an increasing amoun t of con tamina t ion is p roduced , while agr icu l ture uses 
larger and larger a m o u n t s of chemicals , which t h r e a t e n the h u m a n race t o an ever 
grea te r ex ten t . The quest ion may well be raised, however , whether the increasing util iza-
t ion of chemicals is really the only w a y to make agr icul tura l product ion m o r e intensive. 
IIELMECZI, В. : Seeing t h e favourable ef fects of artificial fer t i l izers it was earl ier t h o u g h t by 
m a n y people t h a t t h e replacement of organic m a t t e r was total ly unnecessa ry , while 
o the r s simplified t he problem in t he fol lowing way: large doses of fert i l izer equals large 
yields. According t o the la t ter view t h e r e is pract ical ly no limit to t he increase in yield 
and t he u t i l iza t ion of fertilizers. 
I have a lways fought against t h i s ex t reme v iew, emphasizing t h a t there is a 
l imit to the a m o u n t of fertilizer which can be used. I n t h i s context I h a v e o f t e n referred 
to Parace lsus ' s t a t e m e n t t h a t every chemica l subs tance can he toxic, a n d it is only the 
q u a n t i t y applied which decides w h e t h e r i t is a poison or not . Al though th i s s t a t emen t 
did not refer to fert i l izers bu t t o chemical substances in general, it has never been dis-
p roved ; on the con t r a ry , m a n y have conf i rmed it on t h e basis of exper ience . For my 
p a r t I would only a d d t h a t if all chemicals are ei ther medicines or poisons, w h y should 
fert i l izers, which are produced by chemica l factories s imilar to (and o f t e n t h e same as) 
those which p roduce the most ef fec t ive medicines, be an exception. I h a v e always 
believed t h a t fer t i l izers are the nu t r i en t s , or if you like, medicines, of t h e p l a n t , bu t we 
do not know where t h e limit is, b e y o n d which it is a poison. This l imit m u s t he found 
for t h e d i f ferent crops, soil types , c l imat ic condi t ions and economic a n d ecological 
considerat ions , a n d envi ronmenta l p ro t ec t i on mus t also be t aken into accoun t . 
W i t h a one-sided applicat ion of ferti l izers, t h e r e m a y be a shi f t in t h e ra t io of 
e lements in the soil. Some may a c c u m u l a t e , others m a y decrease to a m i n i m u m , and yet 
o the r s m a y be to t a l ly exhaus ted . A f t e r some t ime th i s d i s turbance in t h e ba lance m a y 
show u p in the p l a n t organism, and in t h e course of t r ans fo rma t ion t he e f fec t m a y be 
even stronger in an ima l (and h u m a n ) organisms. The resul t s of recent inves t iga t ions 
h a v e demons t r a t ed t h a t this hypo thes i s has a l ready become a fac t in ce r ta in cases. 
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E v e r y b o d y k n o w s t h a t , as p r o d u c t i v e o rgan i sms , all cu l t iva ted p l a n t s , w i thou t 
excep t ion , t a k e u p ino rgan ic s u b s t a n c e s as nu t r i en t s . T h i s is no d o u b t w h y it seemed 
obv ious to m a n y microbio log is t s a n d o t h e r s t h a t t h e h ighe r p lan ts are nour i shed wi th 
t h e he lp of m i c r o o r g a n i s m s . La te r a n u m b e r of r e sea rcher s p roved t h a t t h e h igher p l an t s 
also t a k e u p n u t r i e n t s w i t h o u t t h e he lp of m ic roo rgan i sms (sterile cu l tu res ) , a n d the re 
is no reason to d o u b t t h e m . B u t b o t h s t a t e m e n t s are on ly pa r t ly t r u e . I t is obvious 
t h a t p rov ided i n o r g a n i c nu t r i en t s a re ava i lab le , h igher p l a n t s can t a k e t h e m u p w i t h o u t 
t h e i n t e r v e n t i o n of mic roorgan i sms , b u t t h e y can on ly ut i l ise organic s u b s t a n c e s a f t e r 
t h e y have been d e c o m p o s e d by mic roorgan i sms . I t h i n k t h a t the essent ia l d i f ference 
b e t w e e n the use of o rgan ic and i no rgan i c fert i l izer fo l lows f rom this . N i t r o g e n , phos-
p h o r u s and o the r n u t r i e n t s bound in o rgan ic f o r m s as s t ab le resources of n u t r i e n t only 
b e c o m e avai lable t o t h e p lan ts u n d e r f a v o u r a b l e soil cond i t ions when d y n a m i c micro-
o r g a n i s m ac t iv i ty m a k e s th is possible . U n d e r such c i r cums tances , w i t h a f a v o u r a b l e 
s u p p l y of organic m a t t e r the p l an t c a n t a k e u p t h e a m o u n t of nu t r i en t i t needs at a n y 
t i m e . The s i t ua t ion is d i f fe ren t in t h e case of a r t i f ic ia l fer t i l iza t ion , w h e n t h e soil con-
t a i n s large q u a n t i t i e s of uns tab le n u t r i e n t resources a t one t ime. Th is labi le nu t r i en t 
c o n t e n t does no t m a k e a un i fo rm n u t r i e n t supply poss ib le , so a t the s t a r t , in t h e absence 
of a r egu la to ry s y s t e m , the p l an t m a y t a k e u p a l a rge r a m o u n t of n u t r i e n t t h a n is 
necessary , while l a t e r , in consequence of a cons iderable decrease in the q u a n t i t y avai lable 
(deple t ion , l each ing) i t will not be ab le t o t a k e u p s u f f i c i e n t for its needs . I n shor t , t h e 
u n i f o r m n u t r i e n t s u p p l y of p l an t s t h r o u g h f e r t i l i za t ion could only be ensu red by a 
g r a d u a l app l i ca t ion of fert i l izers, w h i c h t h e n becomes a n economic q u e s t i o n . 
I n m y o p i n i o n t h e food s u p p l y of the p o p u l a t i o n can be ensu red b y a r ap id , 
in tens ive increase in y ie lds on t h e ex i s t ing ag r i cu l tu ra l a reas (which a m o u n t to 2,500 
mil l ion ha, 16% of t h e t o t a l area of t h e con t inen ts ) . Th i s is conf i rmed b y t h e fol lowing 
d a t a : in the 1960s t h e annua l calorie r e q u i r e m e n t of t h e wor ld p o p u l a t i o n w a s 2.7 X 1015 
kcal /year , while t h e p ropor t ion of t h e p r o d u c t i o n of t h e biosphere u t i l i zab le for th is 
p u r p o s e was 2.4 X 101 5 kcal /year , t h a t is, it near ly cove red the r e q u i r e m e n t s . The f ac t 
t h a t some t w o - t h i r d s of the world p o p u l a t i o n was u n d e r n o u r i s h e d t h e n a n d t h a t m a n y 
people on the E a r t h are still s t a r v i n g t o d a y is q u i t e a d i f fe ren t m a t t e r . T w o f u r t h e r 
r e m a r k s are cal led fo r here: wi th t h e progress of i n d u s t r y and the increase in u rban iza -
t i on and c o m m u n i c a t i o n s the ag r i cu l tu ra l ly u t i l i zab le areas m u s t be expec ted to 
decrease . At t h e s a m e t ime , t h i n k i n g in t e r m s of t h e pe r iod a f t e r the t u r n of t h i s c e n t u r y , 
our a im m u s t be t o explore and exp lo i t f u r t h e r poss ibi l i t ies of increasing p r o d u c t i o n to 
a still g rea te r e x t e n t . I a m t h i n k i n g here of t e c h n i q u e s such as t h e f i x i n g of larger 
p ropor t i ons of l i g h t energy; the inc rease in p ro t e in p r o d u c t i o n using a lga cu l tu res ; t h e 
f i x a t i o n of la rger p ropo r t i ons of n i t r o g e n f r o m t h e air b y increasing t h e r e p r o d u c t i o n 
a n d ni t rogen f i x i n g ab i l i ty of N- f ix ing bac te r i a l iv ing f r e e in the soil, a n d b y a d a p t i n g 
t h e N-f ix ing b a c t e r i a l iving in symbios i s wi th pap i l ionaceous p lan t s t o o t h e r cu l t i va t ed 
p l a n t s . The use fo r prac t ica l p u r p o s e s of the N- f ix ing ab i l i ty of p roca r io t i c blue algae 
also belongs he re . A real ly sc ient i f ic a n d va luab le w a y of util ising t h e s e would be t o 
t r a n s f e r the i r N - f i x i n g abil i ty t o e u c a r i o t i c p l an t s , p a r t i c u l a r l y to c u l t i v a t e d field crops . 
T o d a y this m a y s e e m to be a u t o p i s t i c idea, b u t it is b y no means inconce ivab le con-
sider ing t h a t t h e h igher p lan ts los t t he i r N- f ix ing ab i l i ty in the course of evo lu t ion . 
HUSTI, M.: In my op in ion t h e r e is no p r o b l e m in s u p p l y i n g t h e popu la t ion of H u n g a r y w i t h 
food . Arable l a n d occupies 5 4 % of t h e c o u n t r y ' s t e r r i t o r y , some 5 mil l ion hec ta res ; 
b r e a d grain, p o t a t o e s , the r aw m a t e r i a l s for cooking-oi l and sugar m a n u f a c t u r i n g , a n d 
in p a r t for t h e t e x t i l e indus t ry h a v e t o be p r o d u c e d on th i s area. 
There is no possibi l i ty of e x t e n d i n g the a g r i c u l t u r a l area in H u n g a r y . 
The g r a d u a l r educ t ion in t h e a rab le a rea of t h e coun t ry is b e c o m i n g an ever 
g r ea t e r p rob l em. T h e H u n g a r i a n g o v e r n m e n t h a s a t t e m p t e d to check t h i s process b y 
t a k i n g var ious m e a s u r e s , b u t i t c a n n o t be s t o p p e d en t i re ly as it is t h e n a t u r a l con-
sequence of i n d u s t r i a l d e v e l o p m e n t , u r b a n i z a t i o n , e t c . 
The on ly w a y t o produce m o r e food in H u n g a r y is to increase t h e yield ave rages 
pe r un i t area . 
For t h i s r e a s o n the mos t i m p o r t a n t t a sk in f ie ld crop p r o d u c t i o n is to acqu i re 
t h e best possible knowledge of t h e b iology of t h e c u l t i v a t e d p lan ts , a n d to organize t h e 
f a c t o r s t h a t i n f l u e n c e p roduc t ion i n t o sys t ems which bes t p romote an increase in y ie ld 
averages , neve r f o r g e t t i n g the e c o n o m i c aspects of t h e problem. 
The v a r i o u s p roduc t ion s y s t e m s mee t these r e q u i r e m e n t s . T h e m a i z e p r o d u c t i o n 
s y s t e m was t h e f i r s t of all the f ie ld crops to ach ieve a resounding success . I n a d d i t i o n 
to maize , p r o d u c t i o n sys tems h a v e b e e n organized i n H u n g a r y for w h e a t , p o t a t o , sugar -
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bee t , alfalfa, sunflower and o ther crops. I n the fu tu re t he wide in t roduc t ion of pro-
duc t ion sys tems encompassing t h e whole product ion v e r t i c u m will p r o m o t e t h e joint 
development of agr icul ture and the food indus t ry . They also offer ample o p p o r t u n i t y 
for pu t t ing t he resul ts of scientif ic research into practice. 
An a lmost r evo lu t ionary t r a n s f o r m a t i o n of agr icu l tura l p roduc t ion is taking 
place before our eyes. This is a necessary process if food p r o d u c t i o n is to keep abreast 
wi th the ever increasing g rowth r a t e of t he world popula t ion . 
An i m p o r t a n t t a sk for t he p l an t breeders is to m a k e var ious p l an t s b e t t e r able 
t o utilize solar energy. There are ex t remely wide possibilities in th is field. 
K i s s , A. S.: The food supply of the r ap id ly growing world popula t ion can, in m y opinion, be 
improved in t h e fwiollong ways : 
a) B e t t e r exploi ta t ion of t he po ten t ia l p roduct iv i ty of t he existing p l a n t varieties 
t h r o u g h the deve lopment of cu l tu ra l pract ices and chemiza t ion . At present , t h e potent ia l 
p roduc t iv i ty inheren t in the var ie t ies is exploited 70% in w h e a t , 58% in maize , 64% 
in sugar-beet a n d 4 5 % in p o t a t o . 
b) D e v e l o p m e n t and i n t roduc t i on of new variet ies w i t h higher p roduc t iv i ty . 
c) Mater ia ls of indus t r ia l origin will pr imari ly be of use as prote in supp lements 
in animal feeding. These include N P N (non protein n i t rogen) and SCP (single cell 
protein) . 
N P N (ca rbamide , b iu re t , amino acids, a m m o n i u m sal ts) has so f a r only been 
used as pro te in supp lement in feeding r u m i n a n t s and in supp lemen t ing l imi t ing amino 
acids. The use of ca rbamidc a n d b iure t should be increased. Biure t would be partic-
u lar ly worth in t roduc ing , as, un l ike ca rbamide , its use does no t involve t h e danger of 
toxica t ion , and it can be m a n u f a c t u r e d jus t as " u n r e s t r i c t e d l y " as c a r b a m i d e . The 
conversion of b iu re t is also j u s t as sa t i s fac tory as the convers ion of c a rbamide , except 
t h a t the deve lopment of the hydro lys ing r u m e n flora is slower, so it mus t be fed for a 
longer period. 
The indus t r i a l side of SCP synthes i s has practical ly been solved, s t a r t i n g either 
f r o m a c a r b o h y d r a t e or f r o m a h y d r o c a r b o n base, but i ts p rac t i ca l appl ica t ion is still 
in the initial phase , if the expe r imen ta l a m o u n t s can be r ega rded as a beg inn ing a t all. 
SCP is the n u t r i e n t or the feed of t h e f u t u r e . The la t te r is emphas ized because it will 
p robab ly be used pr imar i ly for feed ing purposes r a the r t h a n for h u m a n consumpt ion . 
d) Rais ing the prote in level b y using bioact ive subs tances . Nit rogen compounds 
sprayed onto t h e leaves of p l an t s are p a r t l y t r ans fo rmed in to proteins even a f t e r the 
p l a n t s have been harves ted (surv iva l ac t iv i ty) . A larger q u a n t i t y of n i t rogen can be 
appl ied and f a s t e r t r a n s f o r m a t i o n can be obta ined if b ioac t ive c o m p o u n d s which 
s t imula te pro te in synthesis are added in p p m quant i t ies s imul taneous ly wi th t h e nitro-
gen compounds . Since the u n n a t u r a l l y increased protein c o n t e n t falls t o t h e original 
level within a few days in the l iving p l an t , it is impor t an t t h a t ha rves t ing shou ld follow 
t h e t r e a t m e n t as soon as possible, so t h a t the el imination of n i t rogen (prote in) will not 
ensue. Large-scale experience of successful leaf protein increase has been o b t a i n e d with 
a p repara t ion n a m e d P l a n t p r o t a m . I n th i s way N P N c o m p o u n d s can be t r a n s f o r m e d 
in to protein n i t rogen , which can also be util ized by an ima l s o ther t h a n r u m i n a n t s . 
K i s s , Â. : The food supply of the popu la t i on will be ensured in 2000 in spite of t he h igh r a t e 
of popula t ion increase (73 million a year) . More product ive , in tensive p l a n t variet ies , 
intensive agrotechnics and the ex tens ion of the agricul tural a r ea (e.g. by m a k i n g deserts , 
poor qual i ty soils and h ighlands su i tab le for cul t ivat ion, cons t ruc t ing tal l greehouses, 
e tc . ) will all h a v e a role in this. 
According to FAO d a t a t h e t o t a l world cereal p roduc t i on area was 677 million 
h a in 1961/65 and 722 million ha in 1971/75, t h a t is, it increased by 7 % ; t h e world 
cereal p roduc t ion was 14.60 q /ha in 1961/65 and 18.46 q /ha in 1971/75, which means a 
26 .7% yield increase in ten years . I n t he same period t he wor ld popu la t ion increased 
b y 30%, f rom 1400 to 1800 million. 
KOLTAY, Á.: As expected b y es t imates m a d e near ly two decades ago t he p o p u l a t i o n of the 
world exceeded 4 t housand mill ion in 1976, and there is no r eason t o doub t t h a t it will 
real ly reach 6.4 t h o u s a n d million in 2000. N a t u r a l l y , food p r o d u c t i o n has also developed 
in the mean t ime , b u t by no m e a n s to t h e desired e x t e n t ; wor ld surveys show t h a t 
approx imate ly half the to ta l p o p u l a t i o n is, to pu t it mildly , undernour i shed a t present . 
The pr imary t a sk of the h u m a n race is to produce sufficient food to meet the increasing 
requi rements . This can only be achieved if it is organized on a world scale. 
10* Acta Agronomica Academiae Scientiarum Hungaricae 29, 1980 
1 2 4 FORUM 
The s imples t way of deve lop ing food p r o d u c t i o n is to increase t he yields on t he 
existing agr icu l tu ra l areas, b u t t h i s is not suff ic ient in itself. 
Of t h e m o s t i m p o r t a n t cerea ls supplying m a s s food ( inc luding the fodder grain 
crops) the t o t a l yield harves ted i n 1976 on t he 759 million ha cereal p roduc t ion area of 
the world w a s 1.48 thousand mi l l ion tons. If t h e present E u r o p e a n average could be 
at ta ined on t h e whole cereal p r o d u c t i o n area of t h e world, t h a t would mean an annua l 
surplus of 0.8 t housand mil l ion tons . Even if, a t enormous in te l l ec tua l and f inancial 
cost, these idea l conditions cou ld be made possible b y 2000, t h e s i tua t ion would not 
change f u n d a m e n t a l l y , due to t h e populat ion increase which will h a v e occurred in the 
meant ime. T h e pe r capita wor ld average of cereals would be a b o u t 0.37 tons, as it is 
today. Real ly sa t i s fac tory n u t r i t i o n , however, r equ i res a t least tw ice t h a t much. 
An a l m o s t inexhaust ib le f u r t h e r food p r o d u c t i o n reserve is t h e cul t iva t ion of so 
fa r unexplo i ted areas. The a r e a cul t ivated on t h e E a r t h a t p r e sen t could be a t least 
doubled and t h e new areas cou ld be turned i n to va luab le cu l t i va t ion areas w i th in a 
short t ime if f u l l use were m a d e of the possibilit ies offered b y up - to -da t e variet ies, 
machines, n u t r i e n t supply, p l a n t pro tec t ion and i r r iga t ion , f i n a n c e d b y inves tment on a 
large scale. 
Of course , even with a large-scale use of energy food p roduc t i on will be subjec t 
to yearly f l u c t u a t i o n s . The u n i f o r m food s u p p l y of the world will be based on the 
accumulat ion of reserves and t h e preservat ion of var ious foods tu f f s . 
KOVÁTS, A.: I should like to s t a r t f r o m the fact t h a t t he r e is a l imi ted area of land on t he 
Ear th , and t h i s includes a d e f i n i t e acreage of agr icul tural ly cu l t ivab le areas. I t is dif-
ficult to tell h o w much of t h e a r e a unused a t p r e sen t can be t a k e n under agricultural 
cult ivation in t h e fu ture . The possibil i t ies are p r o b a b l y fairly l imi ted . Thus , in producing 
plant p roduc t s only the ex is t ing agricultural a rea can be coun ted on . 
The y i e lds harvested in d i f f e r en t par ts of t h e world v a r y g rea t ly wi th the na tu ra l 
conditions a n d t h e s t andard of cul t ivat ion. Owing to the u n e v e n dis t r ibut ion of food 
and the v a r y i n g level of ag r i cu l tu ra l product ion 6 0 % of the world popu la t ion is a l ready 
undernour i shed . I t follows t h a t even if the p r e s e n t popula t ion is t o be supplied an 
increase in y ie lds is needed, a n d it is primari ly in t h e economic sphere t h a t the be t t e r 
distr ibution of food must be so lved . However, i t c a n n o t be concluded f rom the present 
situation t h a t a t t he end of t h e c e n t u r y the ex is t ing agr icul tura l a reas will no longer be 
able to supp ly sufficient food fo r the increased wor ld popula t ion . The solution lies in 
the constant increase of yield p e r un i t area, i.e. t h e rising level of agr icul tural produc-
tion. There a r e still unexplo i ted possibilities in th i s f ie ld. I should like to ment ion as an 
example t h a t in H u n g a r y t h e y ie ld averages for whea t and ma ize have more t h a n 
doubled du r ing t h e last t w e n t y y e a r s due to t h e h igher ra te of fer t i l iza t ion, the cul t iva-
tion of more in tens ive var ie t ies , modern mechan iza t ion , and t h e rais ing of the general 
level of p r o d u c t i o n . 
The y ie ld averages can no longer be increased by means of t h e resources of agri-
culture alone; t h e external r e sources are cont inual ly growing in impor t ance . The develop-
ment of ag r i cu l tu re is thus a f u n c t i o n of indust r ia l deve lopment , par t i cu la r ly of progress 
in the h e a v y a n d chemical i ndus t r i e s . The g r o w t h of agr icu l tura l product ion in the 
developing coun t r i e s is also o n l y possible if i t is backed u p b y t h e development of 
industry. 
The inclusion of h igher yielding var ie t ies in commercia l p roduc t ion , and t he 
greater use of ex te rna l resources in agricultural p roduc t ion , especial ly in the developing 
countries, are reserves t h a t will be able to provide for t he popu la t ion of the world in the 
coming years . 
KÜKEDI, E.: Owing t o t he rapid inc rease in the world popu la t i on and in i ts demands , the food 
supply is a l r e a d y causing ser ious problems. E v e n t o d a y 60% of t h e inhab i t an t s of the 
Ea r th receive a daily a m o u n t of food equiva lent t o less t h a n 2200 calories, and 800 
million people are on the verge of s tarvat ion. I n sp i te of this t he r e is hope t h a t the food 
supply of t h e world popu la t ion , which is expec ted to increase t o 6.4 thousand million 
or so by t h e e n d of this c e n t u r y , will improve. T h e rapid , in tens ive growth of yield 
averages will u n d o u b t e d l y p lay a decisive role in changing the p r e s e n t s i tuat ion. Besides 
this, however , o the r factors wil l also contr ibute t o t he i m p r o v e m e n t of the food si tua-
tion. Of all t h e possibilities ava i l ab l e in this f ie ld , he lp can ma in ly be expected f rom the 
following: t h e extension of t h e agricultural a r ea , t he m a x i m u m exploi ta t ion of t he 
possibilities of up- to-date p l a n t protect ion, t h e r a p i d mechan iza t ion of agricul ture in 
the developing countries, t he deve lopmen t of i r r iga t ion , the regu la t ion of rivers and other 
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waters , the i m p r o v e m e n t of profess ional knowledge, t h e es tab l i shment of new advisory 
s ta t ions and t h e extens ion of t h e exis t ing ones, t h e g r a n t i n g of p re fe ren t i a l credits for 
t he necessary inves tmen t s , t he indus t r i a l p roduc t ion of proteins , a n d l a s t b u t not least 
t h e bet ter exp lo i t a t ion of the n u t r i e n t resources of oceans, r ivers a n d other waters . 
There are rea l grounds for expect ing an ex t ens ion in the area . According to t he 
re levan t d a t a compi led by the F o o d a n d Agriculture Organiza t ion of t h e Uni ted Nat ions 
(FAO) the a rab le a rea of the wor ld could be increased by a f u r t h e r 0.4 thousand mil-
lion ha. A r a t iona l reduc t ion in t h e meadows, p a s t u r e s a n d jungles could also increase 
t he area of a rab le l and . Thus , t h e present arable a rea , which a m o u n t s to about 1.3 
thousand million h a , could be doub l ed wi thout any pa r t i cu l a r d i f f i cu l ty . Area extension 
is possible f i r s t a n d foremost in t h e developing count r ies . In the indus t r i a l ly and agri-
cul tura l ly developed countr ies f u r t h e r arable land su i t ab le for cu l t i va t ion is hardly t o 
be found . I n excep t iona l cases, however , there m i g h t be new possibili t ies even here, as 
shown by t he e x a m p l e of H o l l a n d , where useful a reas have been ga ined f rom the 
At lan t ic Ocean. 
A f u r t h e r i m p o r t a n t f ac to r in improving t he f o o d supply is r ep re sen ted by up-to-
d a t e p lan t p ro t ec t ion . This could he lp in saving t he f o o d and fodder c rops which are t o 
be produced. Accord ing to Cramer ' s d a t a (P f l anzenschu tz -Nachr i ch t en " B a y e r " 1967) 
a year ly loss of 2 3 . 9 % is caused in w h e a t alone b y va r ious pests and pa thogens . Animal 
pes ts are responsible for 5 % , diseases for 9.1% a n d weeds for 9 .8% of t h e yield losses 
occurring in t he wor ld . The s i tua t ion is made even m o r e dif f icul t by t h e u n e v e n distr ibu-
t ion of the losses. I n t he developed countr ies , for e x a m p l e , serious losses only occur in 
years when t h e wea the r condi t ions are highly f a v o u r a b l e to the pes t s a n d pathogens , 
while in the developing countr ies t h e damage is v e r y severe every y e a r a t present . The 
losses could he r educed subs tan t i a l ly , by about f i f t y pe r cen t , all over t h e world, if the 
possibilities of fered b y t he complex system of p l a n t pro tec t ion were fu l ly exploited. 
A f u r t h e r i m p o r t a n t f ac to r in improving food p roduc t i on is t h e r a p i d mechaniza-
t ion of agr icul ture , t h e a d v a n t a g e s of which are p roved b y t he example of the developed 
countr ies . Mechaniza t ion would he lp t h e developing coun t r i e s to car ry o u t the necessary 
operat ions in d u e t i m e and good qua l i ty , and the re lease of d raugh t power would also 
resul t in a d v a n t a g e s . 
The ex tens ion of the i r r iga t ion area is also an i m p o r t a n t f ac to r in changing the 
food s i tua t ion for t h e be t te r . T h e possibilities t h u s o f fe red are unexp lo i t ed as yet . The 
example of E g y p t shows t h a t b y ut i l iz ing the water of t h e Nile even t h e deserts can be 
m a d e suitable for cu l t iva t ion . A n d recen t results a t t a i n e d by i r r igat ion in the South-
E u r o p e a n count r ies t e s t i fy t h a t e v e n Europe has h i d d e n reserves in th i s field. 
The regu la t ion of r ivers a n d o ther wa te rways , t h e cons t ruc t ion of systems of 
d a m s and repai rs t o t h e existing ones would help t o p r o t e c t the food a n d fodder plants . 
The d e v e l o p m e n t of i r r iga t ion a n d the cons t ruc t ion of dams are , however , highly 
capi ta l - in tensive i nves tmen t s ; a n d t h e overwhelming m a j o r i t y of the developing count-
ries do not possess t h e f inancial resources necessary for large i nves tmen t s , so they are 
forced to rely on t h e assistance of developed countr ies . Besides p re fe ren t ia l credits they 
need the professional guidance of t h e developed count r ies as well. 
Al though t h e developing count r ies have rece ived help f r o m t h e developed 
countr ies t h r o u g h preferent ia l c red i t s , professional t r a i n i n g courses a n d t h e establish-
m e n t of advisory service s ta t ions , t h e y themselves c a n also do a grea t dea l to improve 
t h e present u n f a v o u r a b l e food s i t u a t i o n by t ra in ing a n d employing the i r own profes-
sional s taffs and b y improving t he i r professional p r o p a g a n d a . 
And las t b u t no t least, t h e increased explo i ta t ion of the food reserves in oceans, 
r ivers , lakes and o the r waters can also be expected. Th i s would ease t he p resen t shortage 
of protein. The ex tens ion of ar t i f ic ia l f ish breeding could also help t o remedy the 
problems. 
To sum up , i t can be seen t h a t reserves are still avai lable for supp ly ing the world 
popula t ion wi th food . By uti l izing t h e m not only can t h e present d i f f icul t ies be over-
come, b u t the food supply at t he e n d of the cen tury can also be improved . 
LÁNG, G.: The abili ty of t h e E a r t h to sus t a in t he h u m a n race is no t boundless . T h e introduc-
t ion of b i r th control on a world scale is therefore unavo idab le . The effect of this , however, 
will only be fel t in several decades ' t ime , so the d e v e l o p m e n t po ten t ia l s of food pro-
duc t ion mus t be fu l ly exploited in t h e coming years . T h e scientific knowledge required 
t o produce the q u a n t i t y of agr icu l tu ra l goods necessary t o supply w i t h food the 6.4 
t housand million people expected t o live on the E a r t h in the year 2000 is already 
available, so w h a t is pr imari ly needed is the economic policy condit ions for a fast ra te 
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of increase in p r o d u c t i o n . Since it is ma in ly in the deve loping countr ies t h a t food pro-
d u c t i o n needs to be subs tant ia l ly i nc reased , enormous p rob lems of cu l tu ra l policy and 
e d u c a t i o n must be solved to overcome t h e hunger which a l ready exists a n d is expected 
t o worsen in the f u t u r e . 
LÔRINCZ, J . : The ques t ion is difficult t o an swer , because t h e a rea sui table for agricultural 
p roduc t i on in t he wor ld is only p a r t l y utilized. A p a r t f r o m this, t h e f a u n a and the 
algae t h a t can be p roduced in t he seas are only ut i l ized as sources of f o o d to a very 
s l ight extent . T a k i n g all this in to considerat ion I t h i n k t h a t p r o d u c t i o n could be 
increased at a f a s t e r r a t e t h a n t h e increase in the wor ld popula t ion . T h e propagat ion 
of b i r t h control a n d t he real izat ion of t h e necessity of fami ly p l ann ing m a y fur ther 
ease th is problem, b u t this obvious ly requires the col labora t ion of t h e whole world. 
MLHÁLYFALVL, I . : While o n a world scale t h e pe r capi ta agr icu l tura l area is 1.07 h a , it is 0.65 ha 
in H u n g a r y and e v e n less in some W e s t e r n European count r ies . I n m y opin ion the food 
supp ly of the p o p u l a t i o n can be e n s u r e d f i rs t by a r a p i d a n d intensive increase in yields 
( th i s is the cheaper solution), and second ly by pu t t i ng f u r t h e r areas u n d e r agricul tural 
cu l t iva t ion . The c rop obtained on t h e approx . 2407 mil l ion ha area of meadows and 
p a s t u r e s of the wor ld should be increased and more ra t iona l ly ut i l ized, so t h a t the 
p roduc t ion area of fodder p lan ts could be reduced t o give place t o m o r e valuable 
f o o d crops. 
Finally, w i t h t h e wider app l i ca t i on of family p lanning , a decreas ing ra te of 
popu la t ion g rowth c a n also be e x p e c t e d . 
MOLNÁR, J . : The unbe l i evab ly ras t g r o w t h r a t e of the wor ld popula t ion a n d t h e volume of 
goods produced b y agr icul ture are n o t in equil ibrium even today . H u n d r e d s of millions 
of people are s t a r v i n g and the n u m b e r of undernour i shed is also h igh . There are de-
f in i te ly great reserves for food p r o d u c t i o n , as shown b y t h e fas t ra te of increase in food 
p roduc t ion in coun t r i e s with deve loped agricultures, t h o u g h examples of th is can be 
f o u n d in H u n g a r y t oo . 
I am conv inced t h a t u p t o t h e end of this c e n t u r y the popu la t ion of the world 
can be more or less adequa te ly supp l i ed with food f r o m t h e areas u n d e r cul t ivat ion at 
p resen t . I t h ink t h a t t he variet ies a n d product ion t echn iques used a t p r e sen t in more 
developed countr ies are suitable for t h i s purpose, b u t t h e y ought to be a d a p t e d to areas 
p roduc ing ex t remely low average y ie lds . This task wou ld require m u c h more intensive 
in te rna t iona l co-opera t ion , more goodwil l and f inanc ia l means t h a n c a n be expected 
w i t h the present social , political a n d economic d ivers i ty of the world. 
I t would be feasible to ra ise t h e level of food p roduc t ion so as t o be three or 
t h r e e and a half t i m e s as high as i t is now by the t u r n of t he cen tu ry , b u t this is not 
l ikely t o be achieved for the above reasons . 
NYÉKI, J . : The fast increase in the wor ld popula t ion sets f o o d produc t ion eno rmous tasks. 
T h e demand for foods tu f f s is no t , howeve r , p ropor t iona te t o t he g r o w t h of t he popula-
t ion , as the increased ra te of c ivi l iza t ion involves a r a p i d increase in d e m a n d . While 
t h e growth ra te of t h e popula t ion c a n be de termined more or less precisely, it is dif-
f i cu l t to calculate t h e ra te of increase in demand. The d e m a n d for food will undoub ted ly 
be abou t 45 — 5 0 % higher t h a n t h e r a t e of popu la t ion growth, a n d it will manifest 
itself f i rs t in a q u a n t i t a t i v e , and l a t e r in a qual i ta t ive increase. 
The fa rm-sca le agricul tural f ie ld product ion will be able to fu l f i l t h e require-
m e n t s for a long t i m e to come. Th i s also expresses t h e f ac t t h a t ail a d j u s t m e n t in the 
s t ruc tu r e of the f a r m s may result in a be t t e r fu l f i lment of the demands , as is shown by 
t h e example of H u n g a r i a n agr icu l ture . 
Many f u r t h e r possibilités shou ld , however, be men t ioned in connect ion with 
th i s subject . 
Recent invest igat ions on t h e ecological use of l and suggest t h a t a closer co-
opera t ion be tween di f ferent count r ies would allow agr icu l tura l p roduc t ion t o he special-
ized on an i n t e rna t iona l scale. T h e considerably improved condit ions of t r anspor ta t ion 
also lead towards th i s solution; in t h e f u t u r e each crop will p robably be grown under 
t h e ecological condi t ions best su i t i ng it . The exp lo i ta t ion of this possibi l i ty , which is 
closely related t o social deve lopmen t , may produce a f u r t h e r subs t an t i a l increase in 
food product ion. 
An increase in areal i n t e n s i t y , t he cul t ivat ion of more p r o d u c t i v e species and 
var ie t ies and increased soil f e r t i l i ty will natura l ly con t inue to r ep re sen t great pos-
sibilities for increas ing the eff ic iency of food p roduc t ion . 
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PAIS, I . : I t is pract ical ly inconceivable t h a t t h e r ap id ly increasing popula t ion of t h e world 
should be adequate ly suppl ied with food w i t h o u t a fast a n d intensive increase i n t he 
yields on t h e existing agr icul tura l areas. T r u e , other possibili t ies do exist, s u c h as the 
use of previously u n c u l t i v a t e d areas ( this possibil i ty is v e r y l imi ted !), the p r o d u c t i o n 
of p ro t e in t y p e r aw ma te r i a l s by processing algae, yeast cu l t u r e s or plants so f a r not 
used for nut r i t iona l purposes , the increased exploi ta t ion of t h e ocean, etc., b u t i n m y 
opinion, these do not f u n d a m e n t a l l y change t h e si tuation. 
PECZNIK, J . : Photosynthes i s , t h e carbon dioxide assimilat ion of g reen plants, is t h e basic 
process of organic life on t h e E a r t h . The in i t ia l and final s t a t e of this process c a n be 
expressed b y the following simple chemical equa t ion : 
6 C0 2 + 6 H 2 0 > C 6 H 1 2 0 6 + 6 0 , G = 2850 k J 
The ca rbohydra t e s fo rmed during c a r b o n dioxide ass imi la t ion make u p t h e basic 
ma te r i a l of the o ther organic components of the plant o rgan i sm, while t h e organic 
c o m p o u n d s synthesized b y t h e plant are o rgan i c ma t t e r sources for all living o r g a n i s m s 
incapable of carbon dioxide assimilation. I n order to be ab le t o synthesize t h e com-
pounds requi red to bui ld u p its organism t h e p lan t needs l igh t energy, wa te r , c a rbon 
dioxide a n d mineral sal ts : these are ind ispensable if a crop is t o be produced. T h u s , t he 
p roduc t ion of the crop can also be expressed b y an equat ion (assuming, n a t u r a l l y , t he 
presence of a p lan t o rgan i sm capable of ass imilat ion, f a v o u r a b l e t empe ra tu r e condi-
t ions, su i table cul tural pract ices , etc.): 
Crop = E n e r g y +- Carbon d iox ide +- Water +- Mineral salts 
I t m a y perhaps he w o r t h examining t o w h a t ex ten t t h e basic factors neces sa ry 
for p roduc ing a crop are available in H u n g a r y , in other words , wha t the possibi l i t ies 
of crop p roduc t ion are f r o m a chemical p o i n t of view. 
L igh t energy is avai lable pract ical ly unres t r ic ted ly . W e can reckon w i t h 420 
kJ / cm 2 solar energy a yea r in Hungary . E v e n if we only consider t he 50% of t h i s wh ich 
is p resen t dur ing t he g r o w t h season, th is a m o u n t of energy would , according t o the 
equa t ion , be sufficient t o produce 1300 t o n / h a organic m a t t e r . However, t h e p l a n t s 
absorb only 50% of t he l ight energy reach ing the i r leaves, t h e r e s t is either t r a n s m i t t e d 
or re f lec ted ; and in fac t only 2 .2% of the a b s o r b e d energy, i.e. 1 . 1 % of the to ta l r a d i a t e d 
energy, is t r ans fo rmed b y t h e leaves into chemica l energy f i x e d in organic c o m p o u n d s ; 
the res t of t he energy absorbed is used m a i n l y for the e v a p o r a t i o n of water. 
T h e average concen t ra t ion of ca rbon dioxide in t he air is 0.03%. T h e c a r b o n 
dioxide r equ i remen t of our cul t ivated p l a n t s is abou t 200 k g / h a / d a y , but unde r f a v o u r -
able condi t ions the ca rbon dioxide u p t a k e m a y be as m u c h as 1000 kg. To p r o v i d e t he 
a m o u n t of ca rbon dioxide util ized by the l eaves of the p l a n t s an air current of 4 — 5 
million m 3 / h a is necessary. T h e exchange of air is ensured b y t h e wind and b y down-
ward a n d u p w a r d air cu r ren t s . Apar t f r o m th i s , the air layers nea r the soil s u r f a c e are 
enr iched b y carbon dioxide diffusing f r o m t h e soil. This c a r b o n dioxide is m o s t l y t he 
resul t of t h e life func t ions of microorganisms l iving in the soil. T h e effect on t h e yield 
of ca rbon dioxide d i f fus ing f r o m the soil is r a t h e r diff icult to d e m o n s t r a t e expe r imen ta l ly . 
On t he basis of theoret ical considerations, however , it can never theless be s t a t e d t h a t 
the organic m a t t e r con t en t of the soil and t h e microbiological ac t iv i ty related t o i t do 
have some role in the c a r b o n dioxide ass imi la t ion , and consequen t ly in making t h e soil 
fert i le. I t is cer tainly a f ac t t h a t the in tens i ty of t h e carbon d iox ide assimilation d e p e n d s , 
among o the r things, on t h e C0 2 concen t ra t ion of the air space in the e n v i r o n m e n t of 
the p l an t . 
W a t e r , unlike solar energy and c a r b o n dioxide, is on ly available in l im i t ed 
a m o u n t s . On average t he p l a n t has to e v a p o r a t e 500 litre w a t e r t o produce one k g d r y 
m a t t e r . If t he average a n n u a l precipi ta t ion of Hunga ry is t a k e n as 500 m m , t h i s is 
equ iva len t t o 5000 m 3 /ha w a t e r . This a m o u n t of water is suf f ic ien t to produce 10 t o n s 
of d ry m a t t e r (organic m a t t e r ) . I t mus t also be taken in to consideration, h o w e v e r , 
t h a t t he a m o u n t of wa t e r evapora ted by t h e p lan t during t h e production of a u n i t 
q u a n t i t y of d ry m a t t e r is smaller under f a v o u r a b l e and larger u n d e r unfavourab le con-
di t ions of nu t r i t ion . I t ha s been proved in m a n y fert i l izat ion exper iments t h a t if t h e 
soil is adequa te ly supplice! w i t h nutr ients a n d t h e nutr i t ive e l emen t s are present in t he 
proper physiological p ropor t ions , the value of t h e t ransp i ra t ion coefficient can be sub-
s tan t ia l ly reduced . I t is largely due to th is f a c t t h a t in the H u n g a r i a n large-scale f a r m s 
the yield f l uc tua t ion has become much lower since the in t roduc t ion of intensive fe r t i l i za -
10* Acta Agronomica Academiae Scientiarum Hungaricae 29, 1980 
1 2 8 FORUM 
tion in s p i t e of the fact t h a t wea the r ex t remes obviously con t inue t o occur. I t c a n be 
assumed t h a t apar t f rom a d e q u a t e mineral nu t r i t i on , the C 0 2 supply has also h a d 
something t o do with the f a v o u r a b l e t rend of t h e t ranspira t ion coefficient . 
T h e minera l nu t r ien t con t en t of the soils in Hungary is re la t ively f a v o u r a b l e ; 
up to a d e p t h of one and a hal f metres the soils conta in an average of 20 — 30 t o n / h a of 
the th ree m a j o r nutr ients ( N , P , K). The p l a n t s only extract a f e w thousand ths of t h i s 
quan t i ty f r o m the soil each y e a r . The n u t r i e n t s mentioned are , however , mos t ly un -
available t o t h e plants. In t h e course of chemica l a n d biological d is in tegra t ion a f r a c t i o n 
of the n u t r i e n t s does become available f rom y e a r t o year, bu t t h i s a m o u n t is usua l ly so 
small t h a t i t does not make t h e development of l a rge yields possible. Thus , it is de f in i t e ly 
necessary t o replace the n u t r i e n t s extracted b y t h e plants f rom y e a r t o year, or e v e n t o 
increase t h e nu t r i en t level of t h e soil if large y i e lds are to be o b t a i n e d . 
T h e o ldes t and most n a t u r a l way of r e p l a c i n g the nu t r i en t s is b y applying o rgan ic 
manure . I n th i s respect, howeve r , not only a r e t he possibilities l imited, b u t e v e n in 
the mos t f a v o u r a b l e case p r o d u c t i o n could o n l y be stabilized a t a low level if we wished 
to solve n u t r i e n t rep lacement exclusively b y organic manur ing . I n Hunga r i an agri-
culture t h e r e has been a f a v o u r a b l e increase in t he consumpt ion of fertilizers l a t e ly . 
Some 4/5 of t h e nutr ients a re now supplied in t h e form of a r t i f ic ia l fertilizers, a n d a t 
least 5 0 % of t he increase in y ie lds can be a t t r i b u t e d to the h igher r a t e of fe r t i l iza t ion . 
In the f u t u r e this ratio will sh i f t even more i n f avou r of fe r t i l iza t ion . 
I n m y opinion the f o o d supply of t h e w o r l d populat ion w ill be based for a long 
time to c o m e on the carbon dioxide assimilat ion of autotrophic p l a n t s capable of p h o t o -
synthesis . F o r this reason a t t e m p t s must be m a d e both in scient i f ic research a n d in 
pract ical f a r m i n g to increase t h e efficiency of t h i s basic process. T h e r e are var ious w a y s 
of doing t h i s (e.g. selection of p lan ts which m a k e bet ter use of l igh t energy, f a rm-sca le 
p roduc t ion of unicellular organisms, carbon d iox ide fer t i l izat ion, applicat ion of p l an t 
me tabo l i sm regulators, e tc . ) , b u t the short t e r m results can p r imar i ly he expected f r o m 
the i n t e n s i v e use of fert i l izers and pesticides p roduced by the chemica l indus t ry . O t h e r 
solutions (e.g. production of artificial food) c a n n o t be seriously considered u n t i l t h e 
energy p r o b l e m s of the wor ld are solved for g o o d . 
PETRASOVITS, I . : I th ink tha t t h e improvemen t of t h e world n u t r i t i o n si tuat ion shou ld BE 
a t t e m p t e d s imultaneously in more ways t h a n one . 
I n t h e f irs t place, y ie lds can and m u s t b e increased on t h e existing ag r i cu l tu ra l 
areas b y in tens ive ly developing product ion. I n t h i s work the new, higher yielding species 
and v a r i e t i e s represent t h e biological p o t e n t i a l . They will on ly produce t he des i red 
result, h o w e v e r , if there is a s imultaneous i m p r o v e m e n t in t h e n a t u r a l water b a l a n c e 
(water m a n a g e m e n t , i r r iga t ion) and in t h e application of chemicals ( fer t i l izers , 
pesticides). 
T h i s intensive t y p e of product ion d e v e l o p m e n t must be combined wi th a s h a r p 
reduc t ion in the present p r o d u c t i o n losses ( c a u s e d by pests, u n f a v o u r a b l e wea the r con-
ditions, ha rves t ing , t r a n s p o r t a t i o n , storage). 
T h e r e are still grea t p rospec ts for b r i n g i n g fur ther areas u n d e r cul t ivat ion, or for 
p e r m a n e n t l y utilizing a reas which are only cu l t iva ted f rom t i m e to t ime at p r e sen t . 
For e x a m p l e , on large t r op i ca l and sub t rop ica l areas, which a re in an u n f a v o u r a b l e 
posit ion f r o m the point of v i ew of food s u p p l y , two- and threefo ld product ion shou ld be 
i n t roduced . The main ecological precondi t ion f o r this is water regula t ion . 
T h e r e are great r ese rves for a s u b s t a n t i a l increase in food product ion in a wider 
u t i l iza t ion of water as t h e si te of pho tosyn thes i s and organic m a t t e r t r a n s f o r m a t i o n . 
For c o u n t r i e s poor in w a t e r t he es tab l i shment of artificial f i sh -ponds and w a t e r re-
servoirs, in o ther cases t h e l akes and in land seas , and last b u t n o t least the oceans are 
unexp lo i t ed resources of in tens ive food p r o d u c t i o n . In m a n y p a r t s of the wor ld t h e 
i n t r o d u c t i o n of organisms wh ich are a l ready k n o w n or the p r o d u c t i o n of new a q u a t i c 
plant a n d animal species a n d varieties m a y , b y concent ra t ing solar energy, achieve 
nearly t h e same impor tance as field crop p r o d u c t i o n in the n e x t cen tury . 
Never the less I t h i n k t h a t t radi t ional b u t intensified c rop product ion will r e m a i n 
the m a i n source of food p r o d u c t i o n even in t h e next century , b o t h in the f ie ld u n d e r 
control led na tu ra l condi t ions , and in g reenhouses under ar t i f ic ial conditions. 
T h e world-scale rea l i za t ion of these possibilities depends on two m a j o r condi-
tions: su f f i c i en t financial m e a n s and profess ional skill. 
PETRÓCZI, I . : T h r o u g h a rapid a n d intensive increase in yields the wor ld popula t ion c a n be 
properly suppl ied with f o o d in the coming decades . The fe r t i l i ty of the soil m u s t be 
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improved by up - to -da t e soil conserva t ion , economical i r r iga t ion , inland w a t e r regulat ion 
a n d soil amel iora t ion . I t is i m p o r t a n t t h a t t he new u p - t o - d a t e p roduc t ion sys t ems and 
increased chemiza t ion should be in t roduced on s ta te a n d co-operat ive f a r m s with 
un favourab l e site condi t ions, us ing d i f fe ren t i a ted mel iora t ion p rogrammes . T h e proces-
sing andut i l i za t ion of by -p roduc t s will p lay an i m p o r t a n t role. I n this r e spec t we alrea-
dy have f avourab le experiences in t h e u t i l iza t ion of non- tox ic microspores. 
POZSÁR, В . : According to the experience gained in t he last decades , yield averages c a n be more 
effect ively increased on t he exis t ing cu l t iva t ion area t h a n b y including n e w areas (e.g. 
virgin lands) in agr icul tura l p roduc t ion . Nevertheless , b y m e a n s of subsoil i r r igat ion in 
deser t areas even more food could be p roduced , p robab ly economically a n d w i t h good 
yield averages. The biomass of w a r m seas is not suff ic ient ly utilized as food at the 
m o m e n t ; subs tan t i a l progress is expec ted f r o m an increase in re f r igera t ion a n d canning 
capacit ies. Metabol i te p roduc t ion b y t h e chemical i ndus t ry , which is e x p e c t e d to begin 
be tween 1980 and 2000, is also highly promising. 
RAKONCZAY, Z.: A fa s t and in tensive increase in yield on t h e exis t ing agr icul tura l areas will 
no t , in m y opinion, suffice t o supply t h e popula t ion wi th food . This is, of course , one of 
t he most obvious and pe rhaps s implest solutions. Apar t f r o m this , however , I t h ink the 
following are ve ry i m p o r t a n t : 
a) The n a t u r a l and art i f icial wa te r s , including lakes and ponds, r i ve r s and seas, 
are not m a d e suff ic ient use of for t h e pu rpose of food p roduc t ion . The p r e s e n t s i tuat ion 
is character ised by two fea tu res ; one is t h a t p roduc t ion in ce r ta in fields is v e r y extensive 
t h a t is, f ish a n d other aqua t i c o rgan isms sui table for n u t r i t i o n are no t f a r m e d , only 
caugh t ; t he o ther is t h a t exp lo i t a t ion is so ruthless t h a t even the b r e e d i n g stock is 
slowly being dep le ted . 
I would therefore suggest t h a t aqua t i c food p roduc t i on should b e m a d e more 
intensive a n d was te fu l m a n a g e m e n t should be p reven ted . Th i s only appl ies t o f ish and 
o ther aqua t i c an imals sui table for nu t r i t iona l purposes. T h e s i tuat ion is m u c h worse 
w i t h the aqua t i c p lan ts , algae, etc . The re seem to me to be v a s t unexplo i ted possibilities 
in this f ield. 
b) The food supply could be subs tan t ia l ly improved if t he somet imes intolerable 
was tage of food could be p reven ted . I t is a well-known f a c t t h a t some of t h e food pro-
duced is lost dur ing harves t ing , s to rage and marke t ing . If ha rves t ing were bet ter 
organized a n d carr ied out a t the r igh t t ime , and if the p r o d u c e were s to red a n d trans-
por t ed in a more compe ten t m a n n e r , these losses could be subs tant ia l ly r e d u c e d . The 
was tage caused b y consumers is equal ly inadmissible. I n publ ic ca ter ing a n d in house-
holds large a m o u n t s of food, p roduced a t a high cost, a re lost . 
The a m o u n t of food which goes t o waste in publ ic cater ing, e.g. in s tudents ' 
hostels, r e s t au ran t s , a r m y ba r r acks a n d hol iday homes, could be cons iderably reduced 
if por t ioning were carried ou t in a more reasonable m a n n e r . I n most places t h e portions 
are all the same size. H e a v y ea ters w h o h a v e worked u p a good appe t i t e a re given the 
same a m o u n t as poor eaters who are n o t really hungry . I n most ho l iday hostels a 
3-year-old child is given j u s t as m u c h as a miner of 40. I n such places a v a r i e t y of por-
t ions should he in t roduced , e.g. small , m e d i u m and large por t ions . Where a number of 
people eat a t t he same tab le por t ion ing should be replaced b y a me thod of dishing u p 
whereby everyone t akes as m u c h as t h e y w a n t and w h a t is l e f t over can be used again. 
This is similar t o t he so-called Swedish sys tem used in m a n y places. More or less the 
same applied t o dr inks . I n H u n g a r y , fo r ins tance wine is o f t e n only ava i lab le in 0.7 or 
1 li tre bot t les , and beer in half- l i t re bo t t l e s . 
The was tage occurr ing in households can only be s topped by price regulat ions 
and educat ion . People are general ly careless wi th food ob ta ined a t a price lower t han 
w h a t it is real ly wor th . So a lmost all subsidized p roduc t s cause an indirect wastage of 
foods tuf fs . 
The squander ing of b read is a wel l -known fac t in H u n g a r y . Calcula t ions made a 
few years ago showed t h a t t he a m o u n t of b read t h r o w n o u t was equal t o t h a t produced 
b y 6 large s t a t e f a rms . 
A p a r t f r o m price regula t ions , in tens ive educat ional p r o p a g a n d a a n d respect for 
each o ther ' s work are also requi red here . I n certain cases t he wastage i n households 
could also be p reven ted by proper por t ion ing and b y correc t ing b a d hab i t s . 
In some countr ies it is qu i te n a t u r a l for people t o b u y 100 — 150 g r a w meat . 
I n H u n g a r y less t h a n 1/2 kg mea t is no t usual ly bought . I n a similar w a y , par t icular ly 
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in villages, peop le do not buy 200 — 250 g b read b u t a whole loaf , which generally 
weighs 2 kg. 
People do n o t squander f o o d s t u f f s and d r i n k s which are sold a t prices equal t o 
or higher t h a n t he i r respective va lues . They do n o t t h row out half a salami or 2 dl 
cognac, bu t ha l f a loaf of b read or half a bott le of beer are of ten was t ed . 
ROMANY, P.: There a r e v e r y few complex problems for w h i c h a single concre te method would 
provide a s a t i s f a c t o r y solution, a n d this is pa r t i cu l a r ly t rue of t h e f u t u r e of world 
nutr i t ion. 
Today e v e r y researcher of t h e fu tu re tries t o s t u d y the world food supply as an 
integral p a r t of t h e deve lopment mode l for the wor ld economy; some of these models 
are pessimistic, o t h e r s optimist ic a b o u t the fu tu re . One of the l a t t e r , t h e Leontief model , 
demonst ra tes , f o r example, t h a t t o sat isfy the r e q u i r e m e n t s of t he yea r 2000 the pro-
duct ivi ty of t h e e a r t h must be t r i p l e d in the developing, and doub led in the developed 
countries. Cereal product ion needs an annual increase of 3 .5% to r each a volume of 
3,471 million t o n s (compared t o 1,217 million a t p resen t ) , which m e a n s a growth r a t e 
higher t han t h a t expected in t h e wor ld popula t ion. 
This t a r g e t is so t ight t h a t i t is unlikely to be achieved simply b y a rap id , intensive 
increase in y ie lds , especially if i t proves impossible t o check the slow, b u t seemingly 
irresistible r e d u c t i o n in the ag r i cu l tu ra l area ( town-p lann ing and erosion in developed 
countries and a lkal iza t ion and t h e encroachments of t h e desert in developing countries) . 
Although new agrotechnical m e t h o d s and the app l ica t ion of pest ic ides and fertil izers 
have doubled cerea l yield averages over the last t w e n t y years, th is h a s not been w i t h o u t 
effect on t he s t r u c t u r e of the soil. 
Thus i t will not be possible t o solve the n u t r i t i o n problems of t he world popula-
t ion with t he p r e s e n t range of foods , jus t as the hous ing problems of millions of people 
all over the w o r l d cannot be a l lev ia ted by millions of family houses, b u t by blocks of 
houses built o n housing es ta tes us ing industr ial m e t h o d s . The yield averages of t h e 
species and va r i e t i e s known t o d a y cannot be increased boundlessly. The solution un -
doubtedly lies i n a l ternat ive sources of food, in inc lud ing new p l an t var ie t ies and an imal 
breeds in food p roduc t ion , in u t i l i z ing the full r ange of food indus t ry by-products , which 
so far have h a r d l y been exp lo i t ed , and f inally, t h o u g h perhaps only in the d i s t an t 
fu tu re , in a c q u i r i n g bet ter knowledge of the microbiological processes wi th a view to 
artificial pho tosyn thes i s . In t he f i n a l analysis, e v e r y t h i n g depends on t h e race for energy: 
on whether or n o t sufficient c h e a p energy will be avai lable by t he t i m e fossilised energy 
carriers are d e p l e t e d . 
If no t , some th ing I hea rd t h e other day on t h e radio will come about : if a t some 
stage we h a v e t o do wi thout fer t i l izers and pest ic ides , life will not come to a ha l t ; b u t 
i t will mean lower ing our r e q u i r e m e n t s and na r rowing the choice of foods to comply 
with an 18 q / h a w h e a t yield level — and facing eve ry th ing th is involves . 
SHMILLIÁR. M.: W i t h p rope r care a n d circumspect ion t h e food supply of t h e ever increasing 
world popu la t i on can, in m y op in ion , be ensured u p t o the t u r n of t he century by t h e 
development of t h e t radi t ional p roduc t ion me thods , n o t w i t h s t a n d i n g t he fac t t h a t p a r t 
of the h u m a n r a c e is already undernour i shed . Grea t reserves are h i d d e n in agr icul tura l 
product ion i t se l f , in the m a x i m u m possible exp lo i t a t ion of the po ten t i a l p roduc t iv i ty of 
animal breeds a n d plant var ie t ies . I t may be a s sumed t h a t the research centres engaged 
in breeding will f u r t h e r increase t h i s potential b y developing new breeds and variet ies . 
The new b reeds a n d varieties will probably only be able to d isplay to the full the i r 
characterist ics a n d increase t h e i r yields with an in tensive n u t r i e n t supply. Fert i l izer 
manufac tu r ing m u s t be increased and the p r o d u c t i o n of combined fertil izers f u r t h e r 
improved. P r o v i d e d they are suf f ic ien t ly rich in nu t r i en t s , the a reas now under agri-
cultural c u l t i v a t i o n could be b e t t e r utilized t h a n t h e y are t o d a y . B u t wi th a view to 
fur ther progress intensive r e sea rch aimed at de t ec t ing new sources of nu t r i en t m u s t be 
s tar ted at once. Some ideas, w h i c h seem fan tas t i c a t present , have been raised a l ready , 
e.g. greenhouses wi th more t h a n one storey where a cont inuous p roduc t i on of vegetables 
is carried on in cu l ture fluids. G r e a t a t tent ion shou ld be paid to t he preserva t ion of food 
products in o r d e r to facil i tate t h e processes of s to rage , d i s t r ibu t ion and t r anspo r t a t i on 
and make t h e m economically m o r e efficient. 
SZALAY, S.: I t would b e an overs impl i f ica t ion to regard t h e food p roduc t ion and consumpt ion 
of the whole wor ld as a single th rea tened ba lance , in which case product ion should 
natural ly be increased and t h e g r o w t h rate of t h e popu la t ion decreased , wi th t he em-
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phas is on the la t te r . The ques t ion is r a t h e r which of these should be carried o u t where 
and h o w ? To pu t t he p rob l em in a more concre te form: the developed count r ies a t t a i n 
o u t s t a n d i n g results a n d even produce an excess of food and consumpt ion goods , while 
t he g r o w t h ra te of the popu la t ion has subs tan t i a l ly decreased. T h e unde rdeve loped and 
developing countries, on t he other h a n d , fal l behind as r ega rds product ion, b u t the i r 
popu la t i on growth is d i spropor t iona te ly h igh . I t would be u n r e a l to hope t o so lve t he 
serious problems of these l a t t e r countr ies b y fu r the r increasing the food su rp lu se s in 
one hal f of the world a n d hand ing t h e m over to the s t a rv ing half . Exper ience shows 
t h a t even in the case of unexpec ted d isas ters (flood, d rough t , etc.) where t h e a c t i o n is 
e th ica l ly und i spu tab le immed ia t e aid does n o t usually reach those most in n e e d of i t , 
because t he areas concerned are undeve loped and unorganized politically a n d socially 
as well, a n d the unself ish aid disappears on t h e black m a r k e t t o increase the w e a l t h of 
co r rup t , despotic leaders. 
I n the long r u n t h e y have to be suppl ied with knowledge ra the r t h a n w i t h food , 
t o r e m e d y backwardness , increase p r o d u c t i v i t y and decrease t h e growth of t h e popu la -
t ion. S ta rv ing peoples m u s t learn to p roduce on their own a reas all the food a n d o the r 
goods t h a t they and the i r f u t u r e children requi re . I t is t he m o r a l responsibi l i ty of the 
developed nat ions to help t h e m to learn to do this . This solut ion leads to a more in t ens ive 
exp lo i t a t ion of areas which u p till now h a v e been used for p roduc t ion incor rec t ly , and 
also t o t he ut i l izat ion of f u r t h e r areas, all in t h e s tarving count r ies themselves. 
In t he underdeve loped or developing countr ies the sho r t age of food is c a u s e d in 
mos t cases by a general lack of knowledge r a t h e r t h a n t he lack of areas su i t ab l e for 
p roduc t ion . Un tenab le religious or m y s t i c beliefs, supers t i t ions and obsolete social 
s t r uc tu r e s which obs t ruc t product ion are a g rea t h indrance t o development a n d a t the 
same t ime increase t he g rowth of the popu la t ion . I t is necessary for the p r o d u c e r not 
only t o possess the knowledge indispensable for intensive p roduc t ion , b u t also t o have 
an in te res t in checking his own reproduc t ion . I n an i l l i terate ru ra l family t h e ch i ld ren 
represen t an almost f ree l abour force f r o m ear ly you th , or f r o m an economic p o i n t of 
view, prof i tab le assets a n d old-age insurance . I n a developed society children h a v e to 
be e d u e a t e d and c lothed a t least unt i l t h e y approach m a t u r i t y , when they l e a v e the 
fami ly a n d become i n d e p e n d e n t workers ; the re fore the child is an unselfish, one-s ided 
obl iga t ion assumed by t he paren t s , in which t hey have to keep within bounds . 
"Knowledge is p o w e r . " The ex tens ion of knowledge u n d o u b t e d l y enables people 
in w a n t t o exploit the i r own na tu ra l resources , energy carr iers , product ion a r e a s and 
o ther n a t u r a l endowmen t s t o t he o p t i m u m . To sum up , the i r p roblem will be so lved in 
t he long r u n by a large scale supply of knowledge ra ther t h a n b y emergency f o o d aid 
of fered b y t he developed countr ies . The shor t age of food is t h e consequence of a s h o r t a g e 
of knowledge ! 
I n fac t , even in t he mos t developed countr ies there are hidden reserves which 
are n o t sufficiently explo i ted as yet . Modest invest igat ions carr ied out by m y s e l f and 
m y co-workers in recen t yea r s have revealed symptoms of microelement de f i c iency on 
p e a t y areas. W i t h t he help of th is knowledge pea ty soils cover ing 100 million h e c t a r e s 
of t h e no r the rn hemisphere could be b e t t e r ut i l ized t h a n t h e y are a t present . U n f o r t a n -
a te ly , t h e overwhelming m a j o r i t y of p e a t y soils are found in developed coun t r i e s in t he 
t e m p e r a t e and cooler zones where no shor tage of food occurs. 
SZENICZEY, Cs.: No doubt fu tu ro log is t s too are well aware of the f a c t t h a t for var ious pol i t ica l ' 
economic , social, etc. reasons a considerable p a r t of the area su i tab le for ag r i cu l tu ra l use 
in t h e world is not u n d e r cul t ivat ion. A n d intensive agr icu l tu ra l p roduc t ion is con-
d u c t e d on only a f r ac t i on of t he cu l t iva ted area . In my op in ion this fac t o f f e r s va s t 
possibil i t ies for food p roduc t ion in the long r u n . 
The value of l and and t he s t a tu s of agr icul tural work are likely to rise r ap id ly . 
The difficulties of food supply invo lved wi th the r ap id g rowth of the p o p u l a t i o n 
m a y real ly become cri t ical in economically underdeve loped , insolvent countr ies . Large-
scale possibilities of solving the problem of publ ic food supp ly in these c o u n t r i e s are 
unl ike ly t o be pu t in to prac t ice for wel l -known reasons. W i t h o u t social changes t h e r e is 
no hope here of a solut ion. 
SZÉKESSY-HERMANN, V.- FAZEKAS, S.: Amids t t h e food supply di f f icul t ies caused b y t h e large 
g r o w t h in the popula t ion envisaged by t h e es t imates , which is already m a k i n g itself 
felt t o d a y , it would be a mis take no t t o p a y a t t en t ion t o t w o points : a) t h e s u d d e n 
increase in the popu la t ion g rowth does n o t a f fec t the whole wor ld un i formly ; t o d a y it 
chief ly af fects the b a c k w a r d countries w h i c h have m a n y h i d d e n resources, i .e. the 
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peoples of t h e so-called t h i r d wor ld ; b) the doub l ing of the p o p u l a t i o n expected in t h e 
near f u t u r e means not only t h e doubling of t h e number of consumers bu t also a sub-
stant ial i nc rease in the v a l u a b l e human l abour force . 
T o d a y , when j u s t i f y i n g t h e es tab l i shment of an indus t r ia l background for agri-
culture i t is v e r y common t o r e f e r to the decreas ing labour force per un i t area ava i lab le 
for a g r i c u l t u r e . This a r g u m e n t is used even w h e n those who e l abora te the sys t em are 
not t h e m s e l v e s fully conv inced of the harmlessness or economic eff iciency of t he large-
scale o p e r a t i o n s planned or a l ready in use. I t would thus be a g rea t mis take , w h e n 
planning a product ion s y s t e m capable of c o v e r i n g the increased food r equ i r emen t s of 
the wor ld popula t ion , if t h e changes occurr ing in the d i s t r ibu t ion of the labour force 
and of p r o d u c t i o n means i n consequence of t h e popula t ion increase were lef t o u t of 
cons idera t ion . The E a r t h ce r t a in ly has e n o r m o u s reserves of l a n d , par t icular ly a reas 
which, o w i n g to their s c a t t e r e d na ture and t h e i r s i tuat ion, could main ly be cu l t i va t ed 
by smal le r communit ies . I t is an increase in t h e intel lectual level and professional 
knowledge of t he popula t ion r a t h e r than t he s t r eng then ing of t h e indust r ia l b a c k g r o u n d 
tha t will p r imar i l y de t e rmine t h e efficiency of cul t ivat ion, t h o u g h natura l ly t he m o s t 
i m p o r t a n t bas i c mater ia ls a n d h a n d tools r e q u i r e d for crop p r o d u c t i o n and l ives tock 
farming m u s t also be supp l ied . The homeplo t a n d small f a r m produc t ion in H u n g a r y , 
which p r o d u c e s about 3 0 % of t h e food supply fo r the popula t ion , is somewhat d i f f e ren t , 
but neve r the l e s s i l lustrates t h e potent ia l l a t e n t in small fa rms. 
I n o r d e r to make t h e agr icul tural u t i l i za t ion of h u m a n l abour more eff ic ient t he 
first s t e p s h o u l d be, to a b a n d o n the fashionable view, based m a i n l y on the pr inciple of 
p ro f i t ab i l i t y , according t o w h i c h only indus t r i a l ac t iv i ty is w o r t h y of the working m a n . 
In a c t u a l f a c t , the excessive u s e of materials (chemicals) and m e a n s (energy) of i ndus t r i a l 
origin in agr icu l ture , p a r t i c u l a r l y when it is n o t coupled with competence , m a y t h r e a t e n 
the h e a l t h of man to a g r e a t e r extent , b o t h direct ly and indi rec t ly (env i ronmenta l 
pol lut ion) , t h a n "unspo i l ed" agricul tural work does. 
TARJÁN, R . : E v e n using various m e t h o d s of p roduc ing intensive yield increases it will only he 
possible t o supp ly the con t inua l l y increasing w o r l d popula t ion w i t h an adequate q u a n t i t y 
of f o o d s t u f f s t o a certain e x t e n t . 
Cons ider ing the geograph ica l d i s t r ibu t ion of agricul tural research (mostly in t he 
United S t a t e s of America a n d Europe, t h a t is, in the no r the rn hemisphere) as well as 
its o b j e c t i v e s and results, I t h i n k t h a t even t h e experience of h i s t o r y ought to w a r n us 
experts f r o m industrial ly deve loped countries aga ins t t ry ing t o p ropaga t e the m e t h o d s 
which h a v e worked well u n d e r our social a n d p roduc t ion condi t ions to other p a r t s of 
the wor ld . I n most of t he indus t r i a l ly developed countries scientif ical ly based chemica l 
soil c o n s e r v a t i o n , which is cons t an t ly being i m p r o v e d , has y ie lded remarkab le resu l t s , 
and will p r o b a b l y continue t o do so in the f u t u r e . I t is not ce r ta in , however , t h a t u n d e r 
soil, c l i m a t i c and social cond i t i ons differing f r o m those in t he n o r t h e r n hemisphere th i s 
is the o n l y or the most f eas ib le way. The increas ing volume a n d range of chemica ls 
used in ag r i cu l t u r e already invo lves side-effects which are undes i rab le f rom the po in t of 
view of h e a l t h and e n v i r o n m e n t a l protec t ion . T h e prospect of spreading these side-
effects all ove r the world s h o u l d a t least m a k e t h e experts s top a n d th ink . 
If l a n d not cur ren t ly u s e d for ag r icu l tu ra l product ion were m a d e ferti le (us ing 
soil c u l t i v a t i o n methods a d a p t e d to local cond i t ions ) this would p robab ly improve t h e 
s i tua t ion of t h e starving hal f of the human r ace . I n various f ie lds of research, however , 
the local t a s k s mus t be d e t e r m i n e d in advance . 
I n m y opinion t he q u e s t i o n of how t h e cu l t iva ted areas are utilised should also 
he g r a d u a l l y revised. On t h e cu l t iva ted areas, t h o u g h the p ropor t ions va ry , some h u m a n 
food, b u t m o s t l y fodder c rops are produced a t present . A sh i f t in t he p ropor t ions in 
favour of h u m a n foodstuffs w o u l d most likely r e su l t in a fas te r a n d greater increase in 
food p r o d u c t i o n than the e x t e n s i o n of the c u l t i v a t i o n area. A t t e m p t s should be m a d e to 
solve t h e p rob lems of a n i m a l feeding by in t ens ive deve lopment in the chemical a n d 
biological indus t r ies (monocel l -cul ture p ro t e ins , fodder yeas t , etc.) . More in tens ive 
research o n soilless plant c u l t u r e s (e.g. aqu icu l tu res ) would also be desirable. 
TOMPA, GY.: P a r a l l e l with the inc rease in the wor ld popula t ion , t he food requi rements also 
increase, n o t only q u a n t i t a t i v e l y but qua l i t a t ive ly too. 
T h e bas ic task of ag r i cu l tu ra l p roduc t ion is to ensure a s m o o t h supply of f o o d so 
tha t e v e n t h o s e areas a n d peoples which a re deficiently p rov ided for at present will 
receive a b e t t e r food supply in t he fu ture . 
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The area of agr icul tural p roduc t ion is l imited a n d is being decreased even more 
by indus t r ia l iza t ion and u rban iza t ion ; i t is t h u s ev iden t t h a t the so lu t ion for a long 
t ime to come depends on ways in which yields can be pe rmanen t l y inc reased . 
The possibilit ies for increasing agr icu l tura l yields are fa r f rom be ing exhaus t ed ; 
in m y opinion t he present level of p roduc t i on is not more t h a n 35 — 40% o f t h a t expected 
b y t he end of th i s cen tu ry . As proved b y t he example of H u n g a r y , where t h e yields of 
whea t and maize have been doubled in ba re ly t w e n t y yea r s (and even t h i s t i m e could 
have been shor tened) , t he yields of all m a j o r crops could be increased. 
The q u a n t i t y of agr icul tura l p r o d u c t s generally var ies f rom y e a r t o year . I n 
f avourab le yea r s t he crop p roduc t ion yields are considerably higher t h a n in un favou r -
able ones. U n f o r t u n a t e l y , it o f ten h a p p e n s t h a t a considerable p ropor t ion of t he yield 
surplus is lost because t he processing a n d preserving indus t r ies canno t k e e p abreas t 
wi th the agr icu l tura l p roduc t ion for lack of suff icient capac i ty . Yet p re se rv ing is one 
of the mos t i m p o r t a n t condit ions for f o r m i n g reserves which will be able t o sa t i s fy the 
ever increasing d e m a n d s for a long t ime to come. Г • 
The n e x t period of agr icul tura l p roduc t ion , which in m y opinion m e a n s a period 
far beyond t h e end of th is cen tu ry , will be charac ter ized by an increasing a m o u n t of 
indus t r ia l iza t ion . L a n d will become an " indus t r i a l p l a n t " in which t h e r a w mater ia l s 
of foods tu f f s are p roduced ; and these r a w mater ia ls , processed in the f o r m of var ions 
concent ra tes , a n d p robab ly enriched w i t h a number of v i ta l ly i m p o r t a n t , syn the t ica l ly 
produced addi t ives , will be able to sa t i s fy t he nu t r i t ion r equ i r emen t s of t h e ever increas-
ing world popu la t ion . 
TULCZ, I . : Besides an intensive growth in yields on t h e existing agr icul tura l areas t h e ut i l izat ion 
of o ther food resources will also be needed , in m y opinion, if the world p o p u l a t i o n is t o 
be suppl ied w i t h food. 
There are still considerable a reas sui table for agr icul tura l cu l t i va t ion in t he 
world which h a v e no t been suff ic ient ly exploi ted so f a r . I am th inking pa r t i cu l a r ly of 
t he fac t t h a t in H u n g a r y , where agr icu l ture is considered t o be fairly well developed on 
a world s t a n d a r d , large areas are still n o t adequa te ly ut i l ized. 
I n m y opinion science is likely t o m a k e great progress in biology in t he next 
few decades, a n d th is too should p r o m o t e t he deve lopmen t of food p r o d u c t i o n t o an 
ex ten t unforeseeable a t present . 
The explo i ta t ion of t he pro te in a n d other n u t r i e n t resources of t h e oceans also 
offers wide possibilities. 
I bel ieve t h a t t he synthe t ic p roduc t i on of basic foods tuf fs will ga in g round in 
t he coming decades and t h a t th i s will also con t r ibu te t o h u m a n nu t r i t ion . 
* 
PÁL, OY.; At a modera te est imate one ton of mixed fertilizer act ive agent m a k e s i t possible to 
a t ta in an average 10 tons surplus ou tpu t of basic foodstuffs . With a f u r t h e r increase in 
the ra te of fert i l ization the volume of yield shows a l inear growth up to a ce r t a in l imit ing 
a m o u n t of fert i l izer. Do you th ink the a m o u n t of fert i l izer should only be increased as 
long as it is prof i table , or should it be increased beyond the opt imum in order to be 
quite of ensur ing the food supply of the popula t ion? 
Acs , A.: The world popu la t ion m u s t be suppl ied w i t h the necessary foodstuffs . T h i s is t he basic 
a t t i t u d e t h a t c a n n o t be al tered by a n y s t r ic t cons idera t ions of " p r o f i t a b i l i t y " . People 
live on food, a n d no t on prof i t . B u t t h e ques t ion should n o t be p u t in t h i s w a y a t all. 
P ro f i t ab i l i ty is no t an absolute . The same a m o u n t of fert i l izer will p r o d u c e d i f ferent 
resul t s depend ing on o ther fac tors . I n some crops and u n d e r cer ta in cond i t i ons 10 q 
act ive agen t m a y be t he o p t i m u m r a t e of fer t i l izat ion, while in o ther cases twice as 
m u c h m a y he needed. 
BARACS, J . : The ques t ion should be divided in t w o par t s , one of which c o n c e r n s economic 
efficiency, while t he o ther goes beyond th i s l imit , be ing a problem on a wor ld scale. 
U n d e r t h e p resen t f a rming condi t ions , when the f a r m s , mostly in a g r e e m e n t wi th 
the gove rnmen t concept ions, have shaped thei r p roduc t ion pa t t e rns t h e m s e l v e s , econ-
omic eff iciency plays a leading role in t h e agrotechnics , including fer t i l izer u t i l iza t ion, 
required for p roduc t ion . I n m y opinion t he consumpt ion of fertilizers in m o s t f a rms 
approaches t h e o p t i m u m level, pa r t i cu la r ly in the m a j o r branches of c rop p roduc t ion 
(wheat , maize , sugar-beet , etc.), y e t t he r e are still some branches where i t could be 
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increased f u r t h e r . The amount of fertilizer appl ied to fodder crops, par t icular ly t o 
meadows and p a s t u r e s , could be increased considerably . The present fert i l izer ut i l izat ion 
in whea t and ma ize , about 400 k g / h a act ive agent , is near ly op t imum. As new techniques 
a r e developed a n d new varieties a re in t roduced t h e r e is, of course, a possibility of 
increasing the a m o u n t of fertilizer used in these c rops as well. However , in meadow 
a n d pasture f a r m i n g two or three t i m e s as much fer t i l izer as t ha t used a t present would 
be required to r e a c h the op t imum. 
I t is r easonab le to increase t h e ra te of fe r t i l i za t ion as long as it is still accom-
pan ied by a p ropo r t i ona t e increase in yield per u n i t a rea . Fertilizer is na tura l ly only 
one of the f ac to r s in the increase in product ion, a n d mus t therefore be combined w i t h 
o t h e r yield-increasing factors. Exper i ence has s h o w n t h a t an increase in the r a t e of 
fer t i l izat ion b e y o n d a certain l imit is not economical , and occasionally m a y even cause 
a depression in y ie ld . 
The food s u p p l y of the p o p u l a t i o n on a world scale is not possible wi th the present 
p roduc t ion sy s t ems and state subsidizat ion. U n d e r Hungar i an condi t ions it would 
requ i re a s tr icter p a t t e r n of f a r m i n g , a higher level of s t a t e subsidizat ion, and possibly 
f inancia l suppo i t f r o m world organizat ions . The f a r m s cannot do it alone. 
BAUER, F . : In my op in ion the rate of fer t i l iza t ion should be increased only as long as it is 
economical , inc lud ing a reasonable surplus n u t r i t i o n to ensure yield stabil i ty. A n y 
fert i l izer p roduced in excess of t h i s should best be sold to countries where it can be 
m o r e efficiently u sed , so tha t in exchange p roduc t s can be bought wh ich are of h igher 
v a l u e t han t he y ie ld increase w h i c h would be a t t a i n e d by the uneconomica l use of 
fert i l izers at home . 
ВЕКЕ, F . : The increase in feiti l izer r a t e s should also be considered f rom the po in t of view of 
t h e nat ional e c o n o m y . Produc t ion requires a great dea l of energy a n d therefore a con-
s t a n t rise in price m u s t be reckoned wi th . The economic efficiency is de te rmined b y t h e 
r a t i o of product a n d fertilizer prices. I n my opinion a t b o t h fa rm and na t iona l economic 
level the m a x i m u m dose is a lways control led by t he product ion costs, as well as by t h e 
f a c t t ha t yields fo l low a sa tu ra t ion or logistic curve , no t a linear one. Beyond a cer ta in 
l imi t the yield increase is very s l ight , or the yield m a y even begin to decline (at a b o u t 
350 — 500 kg ac t ive agent under t h e present condi t ions) . 
ВЕКЕ, I . : The subsis tence level must be ensured even if it can only be a t t a i n e d by means of 
uneconomical i nves tmen t s . Once t h e subsistence level is ensured, t he r a t e of fert i l iza-
t i o n must not be increased beyond t h e op t imum. 
B u z Á s , I . : Recently t h e r e has been a t e n d e n c y to s impl i fy t he concept of " o p t i m u m ra t e of 
fe r t i l i za t ion" b y speaking of a " p r o f i t a b l e r a t e of fei t i l izat ion". Howeve r , it is n o t 
s imply the prices of agricultural p roduce and fer t i l izers t h a t de te rmine w h a t the opt i -
m u m is. This is j u s t one special case of the po ten t ia l op t ima , when t h e l imiting f ac to r 
a t a given c o m m o d i t y price is t h e pr ice of fert i l izer, and at a given fert i l izer price it is 
t h e price of the p roduce . As a m a t t e r of fact , in order t o be able to speak of this k ind of 
o p t i m u m at all w i t h i n a given c o u n t r y many th ings have to be a s sumed . I t mus t be 
assumed tha t an un l imi ted amoun t of fertilizer is ava i lab le , t ha t the price of the p r o d u c t 
will not change no m a t t e r how m u c h is produced, t h a t t he produce in ques t ion is not in 
sho r t supply, t h a t t h e size of t he a rea is not l imi ted , e tc . 
I t is easy t o see tha t when t he quan t i ty of fert i l izer is the l imi t ing fac tor a n d 
t h e r e is a shor tage of the given agr icu l tu ra l produce , t h e n it is no longer the "p ro f i t ab l e 
r a t e of f e r t i l i za t ion" which will be o p t i m u m , b u t t h e r a t e of fer t i l iza t ion with which 
t h e largest yield c a n be obtained pe r un i t amoun t of ferti l izer active agen t . By va ry ing 
t h e limiting f ac to r s numerous o the r op t ima can be p roduced . 
I t is a s s u m e d in the ques t ion t h a t if there is a certain increase in the world 
popu la t ion a sho r t age of food m a y occur. Since indus t r i a l product ion can be increased 
in a practically un l imi t ed manner , t h e amount of fer t i l izer should not be regarded as a 
l imi t ing factor . T h e size of the a rea under agr icu l tura l cult ivat ion a t a given t ime is, 
o n t he other h a n d , a l imiting f ac to r . I t is obvious t h a t in this case t he o p t i m u m ra t e of 
fer t i l izat ion is t h e one t h a t results in t he largest yie ld . The largest yield should na tu ra l ly 
b e understood t o m e a n tha t of a q u a l i t y suitable for t he purpose of p roduc t ion . 
My answer is t h u s tha t t he o p t i m u m a m o u n t of fertilizer mus t a lways be appl ied , 
b u t wha t should be unders tood b y th i s op t imum m u s t be determined by an analysis of 
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the par t i cu la r case. U n d e r t he condi t ions out l ined in t h e ques t ion the o p t i m u m amoun t 
of fertilizer is t he one t h a t give t he largest yield of a qua l i t y suitable for t he purpose 
of product ion . 
This s t a t e m e n t holds t r u e even if th is o p t i m u m a m o u n t of fert i l izer is not pro-
f i table u n d e r t he given regula tor and price sys tem. This m a y seem to be a contra-
diction, y e t t he cont rad ic t ion in th is case is in the r egu la to ry system. I t sometimes 
happens in H u n g a r y , as elsewhere, t h a t the regula tory sy s t em and the prices t ake some 
t ime to ref lect t h e in teres ts of t he na t ional economy, so t h e a m o u n t of fert i l izer which 
is op t imum a t t he level of t he na t iona l economy m a y t empora r i ly cause a deficit to t he 
producer , or on t he con t ra ry , a r a t e of fer t i l izat ion t h a t causes a loss t o t he nat ional 
economy m a y be p rof i t ab le for t he producer . 
In H u n g a r y sugar-beet p roduc t ion is a good e x a m p l e of this . T h e amoun t of 
fertilizer is n o t a l imit ing fac tor a t present . The aim of sugar-beet p roduc t ion is to meet 
the domest ic sugar r equ i rements , as in general H u n g a r y relies on sugar imports . The 
size of the agr icu l tura l area sui table for sugar-beet p roduc t i on is also a l imit ing fac tor . 
At the same t ime , owing to t he l imited size of the t o t a l agr icul tural ly cul t ivable area i t 
is obviously in t h e in teres ts of t h e na t ional economy to produce t he domest ic sugar 
requ i rement on t h e smallest possible area. 
U n d e r such condi t ions t he o p t i m u m a m o u n t of fert i l izer on a na t iona l scale is 
t h a t which gives t h e largest yield of ex t r ac tab le sugar pe r ha . 
As long as t he del ivery price of sugar-beet was de te rmined by weight , owing t o 
the imperfec t ion of the r egu la to ry sys tem, t he individual producers were only interested 
in a t t a in ing as large a yield as possible, so t hey f o u n d t he use of large amoun t s of 
fertilizer p ro f i t ab le even if these increased the yield a t t he expense of t he amoun t of 
ex t rac tab le sugar per ha . 
E f f o r t s h a v e been m a d e t o set u p a regu la to ry sys tem which gives a be t t e r 
re f lec t ion of t he in teres ts of t he na t ional economy, so f i r s t a p remium was granted for 
sugar con t en t , and in t he near f u t u r e a change-over t o acceptance b y sugar content 
will t ake place. This will still no t be a perfec t solution. E v e n if the sugar con ten t is t he 
same the a m o u n t of ex t r ac t ab l e sugar m a y v a r y grea t ly according t o t h e q u a n t i t y of 
substances o ther t h a n sugar con ta ined in t he sugar-beet . I n o ther words , only a sys tem 
of acceptance based on t he a m o u n t of ex t rac tab le sugar per h a would real ly reflect t he 
interests of t he na t iona l economy. This will be so as long as no o ther l imi t ing factor has 
to be t a k e n in to considerat ion. 
DEBRECZENI, В.: I n p lann ing t he n u t r i e n t supply and de te rmin ing ferti l izer requi rements , 
increasing use is being m a d e of scientific me thods and e q u i p m e n t ; and f a rmer s are also 
t ry ing more and more o f t en t o f ind an answer to t he ques t ion , w h a t k ind of nu t r i en t 
would be mos t p rof i t ab le and in w h a t q u a n t i t y . In t h e present H u n g a r i a n system of 
economic m a n a g e m e n t t he f a r m s are generally equal ly in teres ted in increasing the i r 
p roduc t ion a n d thei r income, in which a decisive role is p layed by fert i l izers. The ex ten t 
to which fer t i l iza t ion costs rise parallel wi th the increase in yields and p ro f i t s is t h u s a 
m a t t e r of impor t ance . 
An analysis of t he yield- income relat ions of fert i l izer costs, especially in the case 
of med ium or high ra tes of fer t i l iza t ion, reveals i m p o r t a n t correlat ions f r o m the point 
of view of t he p e r m a n e n t and changing costs of p roduc t ion . The permanent costs of crop 
product ion (soil cu l t iva t ion , p l an t t end ing , seed, bui ldings, machines a n d equ ipment ) 
are pract ical ly t he same whe the r t he yield is high or low. I n cont ras t t o t he pe rmanen t 
costs of p roduc t ion , t he rise in p roduc t ion is a func t ion of t he increase in the changing 
costs, of which t h e fer t i l izat ion costs are the most i m p o r t a n t (about th ree-quar te rs ) . 
I t is essential t h a t t he prof i tab i l i ty indices for fer t i l izat ion should be based on 
the ac tua l n a t u r a l and economic s i tuat ion. This cr i ter ion can be fulf i l led b y compar ing 
an area no t suppl ied w i t h n u t r i e n t s (of kep t a t t he lower nu t r i en t level of a previous 
period) wi th a fert i l ized area w h e n considering the yield a n d the p roduc t ion value per 
uni t area. 
I t can be es tabl ished t h a t t he o p t i m u m fertilizer p rof i t ab i l i ty occurs a t the max im-
um level of net income per un i t a rea . A r a t e of fer t i l iza t ion which provides m a x i m u m net 
income per un i t area is t h u s regarded as op t imum. T h e use of fert i l izers is t h u s prof i t -
able as long as t he value of the surplus yield exceeds t he to ta l costs of fer t i l izat ion plus 
the harves t ing costs of t he surp lus yield. 
In m y opinion, an increase in the r a t e of fer t i l iza t ion beyond t he level of pro-
f i tabi l i ty can only be allowed u n d e r the pressure of cer ta in economic c i rcumstances 
(deficient fodde r supply , shor tage of food). 
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GYŐRI. D . : I t is reasonable t o increase t he r a t e of fer t i l izat ion somewhat b e y o n d the op t imum. 
Th i s increase m a y be 10 — 20%. T h e reason why somewha t more t h a n t he o p t i m u m is 
r e q u i r e d is t h a t t h e nu t r i en t supp ly ing capaci ty of t h e soil can only be raised to a 
h igher level wi th q u a n t i t i e s larger t h a n those ex t rac ted f r o m the soil. I n th i s way p lan t 
va r ie t i e s with h igher produc t ion p o t e n t i a l s can be b e t t e r supplied w i t h nu t r i en t s and 
will t h u s be able t o p roduce larger y ie lds . 
HARASZTI, E . : The f i rs t a i m a t present is t o increase the r a t e of fer t i l izat ion t o t h e o p t i m u m , 
i.e. t o the limits of prof i tab i l i ty , s ince a t present we are still fa r f r o m this level on a 
la rge scale. In t he long run , however , i t migh t be necessary to cont inue t o increase the 
r a t e of fert i l ization as long as surp lus yields are a t t a ined , i n th is respec t , however , the 
o p t i m u m , and l a t e r t h e m a x i m u m p r o d u c t i o n of n u t r i e n t s is r egarded as t h e s t anda rd 
of va lue ra ther t h a n t h e absolute q u a n t i t y , especially for fodder crops. 
HARMATI, I . : In general, i t is only ra t ional t o increase t he r a t e of fer t i l izat ion u p to t he l imit 
of prof i tabi l i ty w i t h a view to increas ing the efficiency of crop p roduc t ion . The follow-
ing fac to rs must be t a k e n into a c c o u n t : 
1) The overappl ica t ion of fer t i l izer m a y cause d i s tu rbances in p l a n t nu t r i t ion , 
t h e r e b y increasing t h e spread of p l a n t diseases and t h e damage t h u s caused. 
2) The e n v i r o n m e n t , w a t e r w a y s a n d g roundwate r m a y be po l lu ted (par t icular ly 
b y ni t rogen ferti l izers). 
3) Owing to t h e excessive use of n i t rogen, the crop m a y con ta in N 0 3 in quant i t i es 
h a r m f u l to man a n d an imal alike. 
4) Considering t he increasing ene rgy problems, fert i l izers m u s t no t be squandered ; 
t h i s applies pa r t i cu l a r ly to n i t rogen , since its p roduc t i on d e m a n d s t he greates t 
ene rgy input . 
5) Crude p h o s p h a t e and p o t a s s i u m salts are i m p o r t e d . 
Nevertheless , t h e appl icat ion of above -op t imum amoun t s of fert i l izer m a y in 
some cases be exped ien t even now, w i t h a view to a t t a i n i n g m a x i m u m yields. 
If a shor tage of food occurred m a n would be fo rced to increase t h e ra te of fer-
t i l i za t ion as long as t h e yield could be increased w i t h o u t any considerable deter iora t ion 
in qua l i ty . Quest ions of economic eff ic iency would t h e n he inf luenced b y necessity. 
P ro f i t ab i l i t y is, in a n y case, a f u n c t i o n of the price re la t ions . 
HELMECZI, В . : The pr inc ipa l t a sk of agr icu l tu ra l product ion h a s always been , a n d is likely to 
be for a long t ime t o come, to supply t h e h u m a n race w i t h food. This migh t lead to t he 
conclusion t h a t t h e r a t e of fer t i l iza t ion is de te rmined b y t he d e m a n d for food r a the r 
t h a n b y prof i tabi l i ty . I do not t h i n k i t would be r ight t o s t a r t f r om th i s v iewpoint alone. 
T h e r igh t view wou ld he to regard p ro f i t ab i l i t y as only one of t he f ac to r s de termining 
t h e r a t e of fer t i l izat ion, and to lay g r ea t e r emphasis on o ther fac tors , e.g. t he ecological 
e f fec t s . Experience shows t h a t in a n u m b e r of cases fer t i l iza t ion r a t e s wh ich are favour -
able f r o m the po in t of view of p ro f i t ab i l i t y have adverse ecological effects . This is 
in f luenced not only b y t he p lan t v a r i e t y and the n u t r i e n t content of t h e soil b u t also 
b y t h e type of soil a n d several o t h e r factors . These l a t t e r , however , could only be 
es tabl i shed by m e a s u r i n g quant i f ied ecological effects in exac t expe r imen t s .The measure-
m e n t of the eff iciency of fer t i l izat ion a n d its influence on the e n v i r o n m e n t is a highly 
compl ica ted p rocedure t h a t has no t been widely in t roduced as ye t . No-one has suc-
ceeded so far in q u a n t i f y i n g the e f fec t s of fertilizers or in expressing t h e value of the 
c h a n g e s tha t occur in t he soil a n d in na tu ra l wa te r s as a consequence of ferti l izer 
appl ica t ion . An a t t e m p t mus t be m a d e t o de termine t he r a t e of fer t i l iza t ion on the 
bas is of more exac t a n d more complex analyses, so as t o arr ive in t he shor tes t possible 
t i m e a t the point w h e r e quant i t ies a n d propor t ions of fert i l izers app rop r i a t e t o t he t y p e 
of soil, var ie ty of p l a n t , weather condi t ions , etc. are de te rmined on t he basis of 
expe r imen ta l resul ts , exac t m e a s u r e m e n t s of quant i f ied ecological effects , and economic 
calculat ions . The r a t e of fert i l ization t h u s de termined should on no accoun t be exceeded. 
HUSTI, M. : The ra te of fer t i l iza t ion should only be increased, in m y opinion, as long as i t 
p r o f i t a b l y increases t h e yield. W i t h t h e cul t ivat ion of new, more p r o d u c t i v e var ie t ies 
t h e fertilizer c o n s u m p t i o n can be increased , as more ferti l izer will be economically 
u t i l ized by variet ies wh ich are likely t o give larger yields. 
KISS, A. S.: This is a d i f f icu l t question, because as long as people are well fed t h e y will only 
r e c o m m e n d the o p t i m u m ra te of fer t i l iza t ion , bu t if t h e y feel even sl ightly hungry t hey 
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will consider a m a x i m u m yield t o be necessary even if it is not p ro f i t ab le . The l a t t e r m a y 
h a v e an adverse e f fec t on the e n v i r o n m e n t , not only by c o n t a m i n a t i n g t he soil, b u t also 
b y accumula t ing in foods tuf fs of vege tab le origin (n i t ra te , n i t r i t e , ni trose amine) a n d 
t h u s becoming a h e a l t h hazard . I n m y opinion t h e r a t e of fe r t i l i za t ion should only be 
increased to an e x t e n t where i ts endogenous con tamina t ing e f fec t still r epresen ts no 
dange r to foods tu f f s and animal feed . 
K i s s , Á. : Fertilizers m u s t no t be suppl ied above the o p t i m u m in order t o ensure t h e food 
supp ly of the popu la t i on a t any cost . Special care m u s t be t a k e n no t to use excessive 
a m o u n t s of n i t rogen fertilizers, p r imar i ly to p r even t t he c o n t a m i n a t i o n of the env i ron-
m e n t . The use of s t a r t e r and o t h e r biologically ac t ive microe lement fertil izers ins tead 
of t h e excessive appl ica t ion of macroe lement s is l ikely t o be a g rea t help. 
К ox,TAY, Á.: Of all t h e f ac to r s which inf luence the eff iciency of crop p roduc t ion , p rovided t h e 
technology is su i t ab le in every o the r respect , p l an t nu t r i t ion is t h e m o s t i m p o r t a n t . T h e 
close correlation b e t w e e n fert i l izer appl ica t ion a n d yield averages can be d e m o n s t r a t e d 
o n agricultural a reas anywhere in t h e world. W i t h increasing r a t e s of fer t i l izat ion t h e 
y ie ld can general ly be linearly increased to a cer ta in ex ten t . B e y o n d a l imit va lue , 
wh ich is highly d e p e n d e n t on o the r p roduc t ion fac to r s , the fer t i l izers no longer increase 
t h e yield. The use of fertil izers is a n i m p o r t a n t cost f ac to r , so i t is ex t remely i m p o r t a n t 
t o know the economic o p t i m u m of ferti l izer appl ica t ion . The o p t i m u m , however , is a 
f u n c t i o n of so m a n y fac tors (crop y e a r , t y p e and nu t r i en t - supp ly ing capaci ty of t h e soil, 
specific demands of t he variet ies, q u a l i t y r equ i rements , etc.) t h a t i t canno t be d e t e r m -
ined exactly w i t h t he means avai lable a t present . Under H u n g a r i a n condi t ions i t is 
def ini te ly jus t i f ied t o plough in suf f ic ien t nu t r i en t s t o amply cover t h e nu t r i en t requ i re -
m e n t s of the crop . I n fac t , t h e regu la r use of n u t r i e n t s leads t o s a tu ra t ion a n d t o a 
pos i t ive nu t r i en t ba lance , t h u s m a k i n g it possible t o stabilize or f u r t h e r increase t h e 
yield level. 
In my opin ion , t he over-appl ica t ion of phosphorus a n d p o t a s s i u m can general ly 
b e regarded as a usefu l i nves tmen t even in cases where the i r e f fec ts canno t be de-
mons t r a t ed in t h e y e a r of appl ica t ion . Ni t rogen, on t he other h a n d , should be suppl ied 
according to t he needs of the p l a n t , u p to the physiological o p t i m u m . 
KOVÁTS, A.: I t is c o m m o n knowledge t h a t t he addi t ional efficiency of increasing r a t e s of 
fer t i l izat ion, t h a t is, t h e yield su rp lus per kg act ive agent , shows a decreasing t e n d e n c y . 
A t a given level of ferti l izer and crop prices this means t h a t a level can he de t e rmined 
a t which fer t i l iza t ion is still p ro f i t ab le . Fer t i l iza t ion above th i s level is no longer 
economical. I n se t t l ing th is ques t ion , however , an i m p o r t a n t role is p layed b y t h e fer-
t i l izer conversion capac i ty of t h e va r i e ty , and b y t h e ferti l izer a n d crop prices. The 
o lder varieties were unab le to ut i l ize higher r a tes of ferti l izer, so a lower level of fer-
t i l iza t ion and smal ler yields were r ega rded as " o p t i m u m " . The m o d e r n intensive var ie t ies 
c a n utilize, or m a y even d e m a n d , larger doses of fertilizers. T h u s , an answer t o th i s 
ques t ion can only be given if t h e d a y by day resu l t s of p l an t b reed ing are t a k e n in to 
considerat ion. Th i s means t h a t t h e var ie t ies of t he f u t u r e will h a v e t o be able to ut i l ize 
h igher nut r ient levels t h a n those which are o p t i m u m for the p re sen t varieties. 
I t should be no ted , however , t h a t there is an economic corre la t ion be tween t he 
prices of ferti l izers a n d produce, so if t h e aim is t o a t t a i n larger y ie lds by increasing the 
r a t e of fer t i l izat ion even if th is is n o t economical , t h e n the price of the produce m u s t 
be raised. 
Nor should i t be fo rgo t t en , t h a t the in te rna t iona l division of labour m a k e s it 
possible for economical ly grown crops t o be exchanged be tween countr ies , so the use of 
fert i l izers is a lways likely to increase to the cur ren t op t imum. 
LÁNG. G.: Factors which de termine t he level of p roduc t ion are general ly wor th app ly ing u p 
t o t he prof i tabi l i ty o p t i m u m . Th i s goes for fer t i l izat ion too. The prof i tab i l i ty o p t i m u m , 
however , does no t m e a n an u n c h a n g e d ra t io be tween the q u a n t i t y of p roduc t s a n d t he 
p roduc t ion means . This ra t io cons t an t l y changes w i t h the deve lopmen t of economic life, 
t h e increase in l a b o u r p roduc t iv i ty , t h e a m o u n t of inves tmen t s requ i red to exploi t t he 
r a w materials, a n d t he level of technology. If we do not keep to t h e principle of p rof i t -
abi l i ty problems are caused in o t h e r f ields of na t iona l economy, which t hen reac t hack 
o n t he s tar t ing po in t . In this w a y only sham resul t s can be a t t a i n e d , and they too will 
be only t e m p o r a r y ; in the long r u n every b ranch of p roduc t ion m u s t be well ba lanced . 
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LŐRINCZ, J . : T h e s u p p l e m e n t a t i o n of t he nu t r i en t s which are still only present in m i n i m u m 
quant i t ies , b u t which m a y he lp to increase t he yields per hec ta re , depends on m a n y 
factors. S o m e of the fac tors wh ich enhance l inear growth are n o t known ye t . Up- to -da te 
research o p e n s up new v i s t a s in this field as well. I t should be possible, for example , 
to produce 1 q biomass on an a rea of 1 m2. A n d wi th in the b iomass the propor t ion which 
is pr imar i ly necessary for m a n as food or f o d d e r can also be changed . (Leng th of s ta lk , 
number of gra ins , protein, f a t , oil contents , e tc . can be changed by breeding.) 
MIHÁLYFALVY, I . : I n Hunga ry 1 t o n of mixed (n i t rogen, phosphorus and potass ium) artif icial 
fertilizer a c t i ve agent costs 6000 F t at p resen t . Consequent ly , a t f a rm level increasing 
impor tance is a t tached t o prof i tab i l i ty . Because of the increasing doses of fertilizer 
efficiency will play an ever g rea te r role. I n m y opinion ar t i f ic ia l fer t i l izat ion can be 
regarded as economical as long as 1 kg ac t ive agent p roduces 8 —10 kg surp lus yield. 
In the long r u n the increase in doses of ar t i f ic ia l fert i l izer ar r ives a t a po in t where 
efficiency begins to lessen s ignif icant ly . P rov ided a good n u t r i e n t balance is established 
in the soil of t he farms, inc lud ing the ra t iona l ut i l izat ion of t h e l iquid m a n u r e produced 
on big l ives tock fa rms a n d of u r b a n sewage, it will be possible to decrease t he present 
volume of ar t i f ic ial ferti l izer consumpt ion . 
MOLNÁR, F.: I n m y opinion the u t i l i za t ion of fert i l izers mus t be increased in the f u t u r e in all 
fields of agr icu l ture . Wi th a v i ew to the rel iabi l i ty of yield it is w o r t h supplying fertil izers 
beyond t h e o p t i m u m , because potass ium salt and supe rphospha t e do not get washed 
out of t he soil, and their convers ion in the subsequen t years depends on t he a m o u n t of 
nitrogen app l ied and on t h e prevail ing ecological factors . T h e ni t rogen supply should 
be d i f f e ren t i a t ed according t o t he crop. I t is known t h a t a f te r -ef fec ts m u s t also be 
reckoned w i t h in the case of n i t rogen fer t i l izat ion. The yields now considered o p t i m u m 
and the fer t i l izer doses r e q u i r e d to achieve t h e m are likely t o increase in t he fu tu re . 
This e x p e c t a t i o n is s u p p o r t e d by the fac t t h a t as the q u a l i t y of the machines and 
implements improves more ef f ic ient soil cu l t iva t ion , p l an t t e n d i n g and ha rves t ing can 
also be ca r r i ed out f rom y e a r t o year . Due to improved f a r m organiza t ion and increasing 
specialization t r e a tmen t s on t h e p lan ts can be carried ou t a t o p t i m u m t imes . As t he 
result of p l a n t breeding m o r e product ive var ie t ies are being used . The deve lopment of 
the indus t r i a l background h a s involved t h e extension of t h e i rr igated area and the 
complet ion of meliorat ion w o r k . Various b iocata lysers and o t h e r p repara t ions are likely 
to be i n t r o d u c e d in the nea r f u t u r e , and these will result in b e t t e r fertilizer conversion 
and a para l le l increase in y ie lds . 
All in all, I th ink t h a t in order to a t t a i n reliable yields fertil izers should best be 
supplied in quan t i t i e s exceeding the o p t i m u m b y 20 — 3 0 % . 
MOLNÁR, J . : A h igher ra te of fe r t i l i za t ion is most likely to increase t h e yield on areas where 
the u t i l i za t ion per uni t a r ea is now at a low level. I t should be no ted t h a t Prof . Fr i tz 
Baade considered the use of 120 kg/ha act ive agent (40 kg n i t rogen , 40 kg phosphorus , 
40 kg p o t a s s i u m ) as the o p t i m u m as long ago as 1960, b u t only one- thi rd o f t h a t a m o u n t 
is now used , and t h a t too v e r y unevenly (158 kg/ha in E u r o p e , 7 kg /ha in Africa). 
I t is obvious t h a t t h e h ighes t yield per u n i t fertilizer appl ica t ion could be a t t a ined 
in Africa, Asia and Sou th Amer ica , especially if other condi t ions of p roduc t ion also 
improved in these cont inents . 
A m o r e dynamic increase in food p roduc t i on is needed pr imar i ly in t h e countr ies 
of the t h i r d world, but t h e condi t ions requi red for this are not available. Therefore in 
the developed countries economic condit ions should he c rea ted by means of which the 
economic o p t i m u m will come closer to t he biological o p t i m u m , since the h u m a n race 
cannot do w i t h o u t this mas s of food even if i t is produced a t increasing cost. 
NYÉKI. J . : This ques t ion never loses i ts t imeliness. The efficiency of fertilizer u t i l iza t ion as 
reflected b y prof i tabi l i ty c a n always be assessed only for t h e given historical period. 
Changes in food prices m a y m e a n t h a t even if a 10 ton yield surplus is ob ta ined wi th 
1 ton of a c t i ve agent t he p roduce r s will be forced to increase t he ra te of fer t i l izat ion. 
Correlations of this t ype c a n be observed t o d a y in m a n y cases in the field of energy 
m a n a g e m e n t . 
Men t ion should also be made , however , of p h e n o m e n a which have only been 
experienced as yet on an expe r imen ta l scale, e.g. the effect of increased fert i l izer utiliza-
tion on t h e chemical p rope r t i e s of the soil, or t he danger of N 0 3 incorpora ted in the 
plant as a resul t of increased ferti l izer u t i l iza t ion. 
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Thus, over a n d above the economic indices, the r e su l t s of regular, t h o r o u g h soil 
a n d p l an t analyses c a n , in fact , be used t o decide t he m a x i m u m extent of fer t i l izer 
appl ica t ion . 
I n our p resen t s i tua t ion much could be done t o w a r d s achieving more f a v o u r a b l e 
n u t r i e n t conversion indices by a d j u s t i n g t h e ra te of fe r t i l i za t ion to the g iven region 
a n d crop. 
PAIS, I.: R a t i o n a l calculat ions suggest t h a t it is only advisable t o increase the r a t e of fert i l iza-
t i on unt i l the o p t i m u m surp lus yield is a t t a i n e d , because an over-appl icat ion of fer t i l izers 
m a y involve other dange r s . In theory t h e p r imary t a sk is t o sat isfy the f o o d require-
m e n t s of the h u m a n r a c e ; t h a t is, p r o f i t a b i l i t y should no t be t aken into cons idera t ion 
w h e n making decisions in this m a t t e r . E n v i r o n m e n t a l po l lu t ion , as a po t en t i a l enemy 
to t h e h u m a n race, m a y , however, he an i m p o r t a n t fac tor , w h i c h cannot t h u s be ignored . 
PECZNIK, J . : The growth a n d development of t h e p lan t and t he y ie ld volume are inf luenced 
b y m a n y factors. T h e correlat ion b e t w e e n nu t r i en t supp ly a n d yield can be cha rac te r -
ized by a funct ion c u r v e whose initial p h a s e is nearly l inear , a f t e r which it f l a t t e n s off, 
a n d f ina l ly , a f ter r e a c h i n g a m a x i m u m , begins to t u r n d o w n again. I t m u s t n o t be 
f o r g o t t e n , however, t h a t t he conversion of nu t r i en t s depends n o t only on the i r q u a n t i t y , 
b u t also on other p r o d u c t i o n factors (wa te r supply, n u t r i e n t reaction of t h e va r i e ty , 
agrotechnics , etc.). Look ing at the ques t ion in this way , fer t i l iza t ion is l ikely t o have 
t he highest re la t ive e f f ec t in the b a c k w a r d (developing) countr ies , as has been dem-
o n s t r a t e d in e x p e r i m e n t s carried out b y F A O . There can be no doubt , howeve r , t h a t 
in count r ies consuming large volumes of fertilizer t he biological op t imum does not 
a lways coincide w i t h t h e economic o p t i m u m , though t h e l a t t e r is not easy t o judge , 
as in m a n y count r ies (even in some of t h e capitalist coun t r i e s ) fertilizers are g ran ted 
price suppor t . I t is t h u s possible t h a t t h e use of large a m o u n t s of fertilizer, wh ich are no 
longer economical as f a r as the nat ional economy is conce rned , is still p rof i t ab le for the 
f a rmer s . In my op in ion , a l though t he food supply of t he popu la t ion is u n d o u b t e d l y of 
p r i m a r y impor tance , nevertheless , excep t in emergencies, economic interests m u s t also 
be t a k e n into cons idera t ion in solving t h e problem. 
PETRASOVITS, I . : The p r o f i t a b i l i t y of food p r o d u c t i o n can only b e a decisive point of view in 
t hose countr ies w h e r e food product ion is able to sat isfy a m i n i m u m level of d e m a n d . 
H o w e v e r , in m a n y coun t r i e s this is no t t h e case. 
Therefore in consider ing the p ro f i t ab i l i t y of the r a t e of fert i l ization a d is t inc t ion 
should be made b e t w e e n the individual count r ies of the wor ld . 
I n countries w h e r e food produc t ion is t he basis of social progress, and o f t e n even 
of social existence in t h e fu tu re , p ro f i t ab i l i ty is not a lways a decisive f a c t o r . I n this 
case t h e economic de f ic i t should be r epa id f rom na t i ona l or in ternat ional f inanc ia l 
resources . In these coun t r i e s a t t en t ion should f irs t be paid t o t h e ecological r a t h e r t h a n 
t o t h e economic o p t i m u m . This means t h a t the upper l imi t of fertilizer app l i ca t ion is 
de t e rmined by the e x t e n t to which t h e p l a n t is able t o u t i l ize the fertil izers, a n d also 
b y t h e capaci ty of t h e soil and the q u a l i t y of the p roduce (tastiness, va lue of com-
p o n e n t s , toxicity). 
PETRÓCZI, I . : I th ink an a b u n d a n t appl ica t ion of nitrogen to t h e soil, while d a n g e r o u s to 
ce r t a in crops, m a y be harmless or even desirable in o ther cases. I t is a wel l -known fac t 
t h a t in cereals one-s ided nitrogen fer t i l i za t ion causes e t io l a t ion of the lower node fol-
lowed by lodging. T h e dange r of rust in fec t ion increases, a n d difficult ies are encoun te red 
when harvest ing w i t h up - to -da te machines . I n other cases n i t r ogen fert i l ization increases 
t h e juveni l i ty of t h e h o s t tissue, whereby t h e p lan t becomes res i s tan t and the possibi l i ty 
of infec t ion decreases (e.g. Alternaria leaf spot in t o m a t o , leaf cereospora in bee t leaves, 
etc.) . I n this respect c rops , varieties a n d plots (blocks) shou ld be considered one b y one 
in t h e fu tu r e , m a k i n g use of adequate b iochemical knowledge . This should p r o v e possible 
as 1574 p lan t p r o t e c t i o n engineers a n d 873 works engineers graduated b e t w e e n 1970 
a n d 1975 and re f resher courses are organized for t h e m e v e r y th ree years. 
PLETSER, J . : The eff iciency of fert i l ization d e p e n d s on m a n y f ac to r s , and as these fac to rs 
change the o p t i m u m changes too. The r a t e of fer t i l izat ion should always be increased 
t o t h e current o p t i m u m because a decrease in the p ro f i t ab i l i t y may cause a fal l in the 
l iving s t anda rd . W h e n t he var ie ty, agro technics and soil are identical t he o p t i m u m 
a m o u n t of fertilizer d e p e n d s on the w e a t h e r . Owing t o t h e very changeable wea the r 
10* Acta Agronomica Academiae Scientiarum Hungaricae 29, 1980 
1 4 0 F O R U M 
condit ions i n H u n g a r y the o p t i m u m a m o u n t of fert i l izer mus t he de te rmined for t h e 
most f r e q u e n t weather fac to r s , wh ich va ry f r o m region to region. E v e n so, in 20—25% 
of the cases t h e weather cond i t ions m a y be such t h a t t he amount of fer t i l izer considered 
to be o p t i m u m will cause a y ie ld depression. If t h e ra te of f e r t i l i za t ion exceeds t h e 
op t imum, t h e r isk involved w i t h unexpec ted w e a t h e r conditions increases and apa r t f r o m 
the decrease in profi tabi l i ty , t h e yield itself will also be reduced in m o s t cases. 
PozsÁR, В.: I n t h e developed coun t r i e s fertil izers are a l r eady used in such quan t i t i e s t h a t t h e 
costs c o r r e s p o n d to the va lue of t he surplus y ie ld . The p roduc t ion a n d ut i l isat ion of 
nitrogen b o u n d by the chemica l indus t ry is un l imi ted , whereas f o o d produc t ion is 
limited. T h e occurrence of p h o s p h o r u s r a t h e r t h a n t h a t of p o t a s s i u m is the l imi t ing 
factor in c o m p l e x fert i l izat ion. B e t t e r ferti l izer appl ica t ion should be in t roduced in t h e 
developing count r ies too, a t l eas t in quan t i t i e s suff icient to ensu re a yield surplus . 
Within a d e c a d e or two food p roduc t i on p r o g r a m m e s everywhere , in developed a n d 
developing count r ies alike, s h o u l d include t h e use of artificial fer t i l i sers in such doses 
t h a t the p r i c e of the fertil iser is t r ans la ted , w i t h o u t any decrease i n va lue , into p l a n t 
products . 
RAKONCZAY, Z.: I t h i n k t h a t wi th a v i ew to covering t h e food requ i rements of t he popula t ion 
the a m o u n t of fertilizers should be increased t o t h e op t imum. The re m a y na tura l ly be a 
limit b e y o n d which this m e t h o d canno t be fo l lowed. I t should be n o t e d here , t h a t a p a r t 
f rom social a n d human i t a r i an aspec t s , the real is t ic relat ionship b e t w e e n price and va lue 
must also b e t a k e n into cons idera t ion when d e t e r m i n i n g the o p t i m u m or l imit ing r a t e 
of fe r t i l i za t ion , because over a n d above the t echn ica l calculations, t h e op t imum, or t h e 
suggested l i m i t value above t h e op t imum, m a y also be a f u n c t i o n of the food a n d 
fertilizer pr ices . 
ROMANY, P. : To b e g i n a t the end of t h e quest ion: i t is a well-known f a c t t h a t a t the p resen t 
level of f e r t i l i za t ion and p r o d u c t i o n the basic food supply of the p o p u l a t i o n of H u n g a r y 
is assured; t h e extension of p r o d u c t i o n in H u n g a r y has been a imed for a long t ime a t 
increasing e x p o r t s . If the q u e s t i o n were to be under s tood to inc lude t he increase in 
exports i t w o u l d lead us too f a r f r o m the s u b j e c t a n d would fall w i t h i n the scope of 
the discussion. 
T h e eff ic iency of fe r t i l i za t ion can best he character ized b y t h e so-called supple-
men ta ry i n p u t t h a t is, the a m o u n t of surplus y ie ld (in cereal un i t s ) pe r t o n of su rp lus 
mixed fe r t i l i ze r active agent , r a t h e r t h a n by t h e i ndex of surplus y ie ld (in CU) per t o n 
of mixed a c t i v e agent. This is because in the f o r m e r case the d i s to r t ing effect of n a t u r a l 
p roduc t iv i ty (basic yield w i t h o u t fertilizer u t i l i za t ion) can be e l imina ted . 
T h e eff ic iency of fe r t i l i za t ion can also be characterized b y a p roduc t ion cu rve 
which shows t h e relat ionship b e t w e e n fertilizer u t i l iza t ion and yield . T h e supp lemen ta ry 
efficiency indices calculated f r o m the na t ional ave rage values sugges t t h a t we have not 
yet reached the optimum. 
T a k i n g t h e yields o b t a i n e d in the 1920s as t h e basis, the s u p p l e m e n t a r y eff iciency 
has shown t h e following t r e n d : 
Period 
Surplus yield in 10 cereal 
units ob ta ined with 1 ton 
surplus ac t ive agent 
(10 CU = e.g. 1 ton 
of whea t ) 
1921—1950 53 
(e.g. 53 tons of wheat) 
1 9 5 1 - 1 9 6 0 23 
1961—1975 5.4 
1970—1977 5.3 
Accord ing to the law of diminishing r e t u r n s t h e supp lementa ry efficiency, calcul-
ated f r o m a c t u a l national d a t a , h a s fallen t o approx ima te ly o n e - t e n t h . This does no t 
mean, h o w e v e r , t h a t fer t i l izat ion is no longer e f f ic ien t . Considering t h e p roduc t ion resu l t s 
and the v i r t u a l l y non-exis tent ferti l izer u t i l i za t ion in the 1940s, t h e supp lemen ta ry 
efficiency shows the following t r e n d . 
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Period 
CU value of surplus 
obtained wi th surplus 
fertilizer to t he value 
of 1 F t 










To sum u p : o n the basis of t h e above indices of supp l emen ta ry efficiency, and 
considering t h e t o t a l fertilizer u t i l i za t ion in H u n g a r y , the p rob lem of whether to 
increase the r a t e of fer t i l izat ion, e v e n if this means a decrease in p ro f i t ab i l i t y , in order 
t o assure the food supply of t h e popu la t ion , has no t y e t arisen, p a r t l y because the 
o p t i m u m has no t been reached y e t , a n d par t ly because even a t t he p r e s e n t level, which 
is nowhere near t h e o p t i m u m , t he y ie lds produced b y H u n g a r i a n ag r i cu l tu re exceed the 
food requi rements of the coun t ry . 
SHMILLIÁR, M.: The a m o u n t and uppe r l imi t of fertilizers m u s t be ad ju s t ed t o t h e crop yield. 
R a p i d deve lopment m u s t be r e c k o n e d wi th ; the yield of whea t , which is 50 q /ha today, 
will probably be 100 q/ha t o m o r r o w , a n d sugar-beet is also expected t o double its yield 
averages , etc. U n d e r t he present cond i t ions of field crop p roduc t ion t he m i s t a k e is of ten 
m a d e of s tudying t h e effects of fer t i l izers one-sidedly, only f r o m the p o i n t of view of 
n u t r i e n t rep lacement . This ques t ion should be examined in a m u c h m o r e complex way, 
a n d the fact t h a t t h e soil as a who le is similar t o a l iving organism o u g h t t o be t aken 
i n to considerat ion. T h e chemical processes tak ing place in t he soil as a resu l t of a high 
r a t e of fert i l izat ion should be fol lowed wi th a t t en t ion . E f f o r t s should be m a d e to restore 
t h e balance. I n m y opinion, p ro f i t ab i l i t y should be j u d g e d in a d i f fe ren t w a y , and yield 
increase at w h a t e v e r cost will a s s u m e a different mean ing when t he increased world 
popula t ion is c lamour ing for b r e a d . 
SZALAI, GY.: Food p roduc t ion , like any o t h e r product ion, is also an economic ac t iv i ty . T h a t is, 
t h e financial order of magn i tude of t h e ou tpu t is opposed to a ce r ta in f inanc ia l inpu t . 
Since the size of t he o u t p u t is also a precondi t ion of p roduc t ion , the f a r m (whether it is 
small-scale or a large-scale f a r m ) is only able to increase i nves tmen t s as long as the 
produc t ion covers t h e expenses a n d t h e development f u n d s . So the r a t e of fer t i l izat ion, 
too , can only be increased up to t h e level of prof i tab i l i ty . 
This is pa r t i cu la r ly so in H u n g a r y as the coun t ry is a food expo r t e r ; expor t ing a t 
a defici t would m e a n losing pa r t of t h e nat ional income. A coun t ry poor in r a w mater ia ls 
c a n n o t afford to do this. I t is a n o t h e r quest ion w h e t h e r t he domes t ic prices are suf-
f ic ient ly co-ord ina ted with the i n t e rna t i ona l prices. T h e y should be levelled u p in order 
t o make correct opera t ive decisions possible. This would be in t h e in te res t s of the 
na t iona l economy as well. 
The food supp ly of the wor ld popula t ion can only be improved t h r o u g h inter-
na t iona l co-opera t ion, which p o s t u l a t e s the s ta te subsidizat ion of food product ion. 
I n th is case a r a t e of fer t i l izat ion h ighe r t h a n the presen t one will still be economical and 
it will be feasible t o endeavour t o a t t a i n as large a yield as possible l eav ing the law of 
va lue out of considera t ion. 
SZALAY, S.: The " o p t i m u m " level, or t h e level of " p r o f i t a b i l i t y " great ly d e p e n d s on price 
f luc tua t ions ; for example , a s u b s t a n t i a l rise in the price of energy car r ie rs involves an 
increase in the pr ice of fertilizers (pa r t i cu la r ly ni t rogen) . I t is indispensable t o d a y even 
in food produc t ion t o have a bas ica l ly energetic po in t of view. An overappl ica t ion of 
ferti l izers may lead to a s i tua t ion w h e r e the a m o u n t of calories i n t r o d u c e d in to the soil 
is a lmost equal t o t h a t obta ined w i t h t h e crop, since n i t rogen , for e x a m p l e , is produced 
a t t he expense of n a t u r a l gas, oil or coal, i.e. calories, a n d the mechan iza t i on of agri-
cu l tu re has also increased the e n e r g y consumpt ion . E v e n wi th t he p r e s e n t intensive 
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growing me thods , some crops (e.g. t o m a t o , vegetables , f ru i t s ) supply less calories t han 
is spent on the i r p roduc t ion , no t t o ment ion the ear ly goods p roduced in hea ted plastic 
ten ts . 
I t seems t o be m u c h more reasonable to a d j u s t t h e vo lume of ferti l izer to be 
applied to the a m o u n t of n u t r i e n t s (N + К -j- P , e tc . ) ex t r ac ted f rom the soil the pre-
vious year by t h e crop and its b y - p r o d u c t s (e.g. s t r aw, s t a lk , etc.). If t he fer t i l i ty of the 
soil is to be m a i n t a i n e d a t least as m u c h nut r ient m u s t be replaced every year , or possibly 
more depending of t he t y p e of soil, because f rom l ight soils such as sand a considerable 
propor t ion of t h e readi ly soluble fert i l izer enters the g round -wa te r and is lost . Excessive 
fert i l ization m u s t , however , be avo ided , because it is energetical ly uneconomical , and 
f r o m the point of view of e n v i r o n m e n t a l pollution a n d t h e eut ropl i iza t ion of waters it 
m a y even be h a r m f u l . 
SZENICZEY, Cs.: Most economical ly deve loped countries also h a v e developed agricul tures and 
considerable food surpluses. There fo re t he ra te of fe r t i l i za t ion is de t e rmined in these 
countries by t h e ques t ion of p rof i t ab i l i ty . If a crisis ar ises th is rule lapses. 
SZÉKESSY-HERMANN, Y.— FAZEKAS, S.: Prof i tab i l i ty is only one of the d e t e r m i n a n t s of the 
op t imum ra t e of fer t i l izat ion, a n d can certainly no t be a cri terion in t he long run . 
An above -op t imum appl ica t ion of ferti l izers is dange rous , however , f r o m the point of 
view of the f u t u r e food supply of t he world popu la t ion . 
TARJÁN, R.: An increase in t he use of fert i l izers is only exped ien t and permissible to a level 
and under condi t ions where t he c rop in question can ut i l ise t h e m and where t he necessary 
replacement of nu t r i en t s is ensured . Increases in t h e r a t e of fer t i l izat ion beyond the 
op t imum level (which depends on t h e soil type, p l an t v a r i e t y and o ther p roduc t ion and 
ecological condi t ions) are inadmiss ib le f rom the po in t of view of env i ronmenta l protec-
t ion and, ind i rec t ly , food hea l th , qui te apa r t f r o m t h e f ac t t h a t th i s would involve 
superf luous add i t i ona l costs. (A typ ica l example is t h e h a r m f u l increase in the ni t ra te 
content . ) 
TOMPA, GY. : According t o our present knowledge , wi th increasing ra tes of fer t i l izat ion the yield 
can only be increased to a cer ta in po in t , beyond which t h e amoun t of nu t r i en t supplied 
will no longer h a v e a yield- increasing effect . 
I t is t he re fo re easy to u n d e r s t a n d t h a t the m a i n objec t ive of f a r m s is to f ind the 
economic o p t i m u m above which no addi t ional fert i l izer should be used , or a t least not 
enough to cause s ignif icant su rp lus costs. 
I t is w o r t h ment ion ing , however , t h a t these " o p t i m a " are no t s table and m a y 
change f rom one y e a r to the o the r , since the crop a n d t h e yield m a y be influenced by a 
great many f a c t o r s dur ing t he vege ta t ion period. These fac tors m a y even affect one 
another , and t h u s t h e a m o u n t of avai lable nu t r ien t s as well. I t has h a p p e n e d , and may 
happen in the f u t u r e too. t h a t an a m o u n t of fert i l izer above t he es tabl ished op t imum 
has proved economical because, fo r example , the u n u s u a l l y ra iny wea the r was able to 
t u r n nu t r ien t quan t i t i e s above t h e k n o w n op t imum in to a yield surplus. 
Therefore , b y supply ing a reasonable a m o u n t of n u t r i e n t above the op t imum the 
f a r m has more chance of increasing t he yield, b u t if, fo r var ious reasons, th i s should not 
be possible, i t will help to raise t h e nu t r i en t level of t h e soil and will exercise a favour-
able effect on t h e af te r -crop . 
Nu t r i en t u p t a k e f r o m the soil is de termined, a m o n g other th ings , by various soil 
properties. In ca lcula t ing the necessary amoun t of n u t r i e n t this f ac to r is the most 
difficult to de t e rmine , since the soil is pr imari ly a t r a n s p o r t i n g med ium for t he nutr ients , 
and is not homogeneous f r o m a microbiological, biological , physical or chemical point of 
view, bu t is complex and con t rad ic to ry . 
This is w h y up - to -da te , r egu la r soil and p lan t ana lys is is so i m p o r t a n t , as it gives 
informat ion on t h e posit ive and nega t ive changes occur r ing in the n u t r i e n t level of the 
soil, and out l ines t he necessary t a s k s re la ted wi th t h e n u t r i e n t supply. 
TULCZ, I.: My opinion on an increased r a t e of fert i l ization is t h a t for t he t ime being the op tum 
cannot be d e t e r m i n e d , since t he r a t e of fert i l ization used in H u n g a r y is m u c h lower than 
t h a t in some coun t r i e s wi th deve loped agricultures. 
P ro f i t ab i l i ty in this c o n t e x t is t o some e x t e n t a func t ion of price format ion . 
The food supply of the world popula t ion m u s t , in m y opinion, be solved a t 
any cost. 
* 
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PÁL, GY.: W h e n Licbig rea l ized , in the middle of the 19th c e n t u r y , t ha t nitrogen, phosphorus 
and potass ium were indispensable for t he development of p l an t s , he laid t he theoretical 
foundat ions for ar t i f ic ia l ferti l ization, and simultaneously l a u n c h e d the ferti l izer industry. 
In your opinion, to w h a t extent can the efficiency of fe r t i l i za t ion be fu r ther increased in 
H u n g a r y by means of pest control, soil cultivation, bet ter organizat ion or agr icul tural 
work, properly chosen p l an t varieties, i r r igat ion and m e c h a n i z a t i o n ? 
Ács . A.: Fert i l izers mus t n o t be "de i f ied" . T h e y canno t work w o n d e r s , bu t act in con junc t im 
wi th all the other y ie ld-developing fac to r s . Fu r the rmore , all these factors can only act 
ef f ic ient ly and p roduce resul t s if the t echnica l p roduc t ion condi t ions are fulf i l led the 
h u m a n fac tor (not as a consumer) m u s t also he given p r i m a r y considerat ion. Man , the 
worker and manager , con t ro l s the l iving a n d non-living m a t e r i a l s . Complete professional 
knowledge, t ime and m o t i o n studies, t he managemen t , e x e c u t i o n , supervision a n d control 
of t h e produc t ion processes and the use of cybernet ics will b e indispensable in th i s work. 
BARACS, J . : The possibilities of increasing t h e efficiency of f e r t i l i za t ion already exis t to A 
l imited ex ten t . The con t ro l of p lan t a n d an imal pests s h o u l d begin at a d a n g e r level 
where t h e costs will be r e t u r n e d . E x t r e m e l y dangerous p e s t s are exceptions; control is 
jus t i f i ed if they are f o u n d a t all. 
The correct soil cu l t iva t ion , e.g. deep ploughing i n t h e a u t u m n carr ied ou t well 
and in due t ime, subsoi l ing and liming (pract ices not f r e q u e n t l y applied as ye t ) , careful ly 
chosen pre-crops, e tc . , o f fers fu r the r possibilities for inc reas ing the efficiency. Exper i -
m e n t a l resul ts prove t h a t t h e average yield of winter w h e a t , f o r example, was 40.7 q/ha 
a f te r w h e a t as pre-crop, 47 q /ha af ter crops sown in spring a n d harvested ear ly , 44.5 q/ha 
a f t e r those sown in sp r ing and harves ted la te , and 45.7 q / h a a f t e r perennial papil iona-
ceous crops under t h e s a m e conditions. To sum up, if ag r i cu l t u r a l work is b e t t e r organ-
ized yield average m u c h higher t h a n t h e present ones can b e a t ta ined . 
Choosing the r i g h t var ie ty is one of the i m p o r t a n t fac tors of yield increase. 
I n B a r a n y a county , fo r example , the average yield of f o d d e r wheat , which m a d e up 
5 0 % of the to ta l w h e a t a rea , was 6.4 q /ha higher last y e a r t h a n tha t of all t h e other 
whea t variet ies t o g e t h e r (48.8 q/ha). A m o n g the other va r i e t i e s , however, t h e results 
ob ta ined with the new H u n g a r i a n whea t s ( f rom M a r t o n v á s á r and Szeged) in 1977 were 
highly promising. Fo r example , Mv 4 yie lded 55.1 q on 1003 h a , Mv 5 yielded 49.2 q on 
1281 ha and G K F 2 y ie lded 46.5 q on 1000 ha ; the c o u n t y ave rage was 54.2 q for very 
early maize variet ies, 54.7 q for early, 59.3 q for medium e a r l y and 63.9 q for medium 
la te var iet ies , while l a t e maize varieties aga in showed a c o u n t y average of 54.2 q, t h a t is, 
sowing la te maize va r i e t i e s under H u n g a r i a n conditions invo lves a risk. T h e poten t ia l 
p roduc t iv i ty of the va r i e t i e s is charac ter ized by the fo l lowing: On the 1 ha p lo ts of the 
" B é k e ő re" Co-operat ive F a r m at L ippó t h e var ie ty SC 3369 yielded 103.5 q /ha , BA 418 
104.6, TC 3420 108.8, T C 3344 114.4, SC 3444 110.6, MSC 4515 119.2 and SC 3565/A 
120.3 q /ha . The ave rage of the 16 var ie t ies included in t h e experiment w a s as high 
as 100 q/ha . 
As a ma t t e r of course , wi th i r r igat ion, mechaniza t ion , a n d the full exp lo i t a t ion of 
the po ten t ia l p r o d u c t i v i t y of the var ie t ies t h e present yield averages could be doubled . 
BAUER. F . : The question can be answered in d i f fe ren t ways d e p e n d i n g on how we i n t e r p r e t the 
word " t o d a y " . If t h e r equ i r emen t s l is ted were op t imal ly fulf i l led, the eff ic iency of 
fer t i l iza t ion could be r edoub led even " t o d a y " . The q u e s t i o n is, to wha t e x t e n t this 
increase in efficiency could he a t t r i bu t ed t o fertilizer app l i ca t i on . 
If th is " t o d a y " m e a n s the ex ten t t o which the o p t i m u m supply of pest ic ides and 
machines , the possibi l i ty of irr igation, e tc . can actually be ensured in crop growing at 
present , t hen the poss ibi l i ty of an immed ia t e increase in eff ic iency is not m o r e t han 
1 0 - 2 0 % . 
A n increase in t h e efficiency of fer t i l izat ion and t h e assessment of t h i s increase 
are complicated by m a n y factors . For example , the e f f i c i ency of small a m o u n t s of 
fert i l izers can be more successfully increased by be t te r c u l t u r a l practices t h a n t h a t of 
near ly o p t i m u m or m a x i m u m rates. The s i tua t ion is m a d e m o r e complicated b y t he fac t 
t h a t " t o d a y in H u n g a r y " i t is in inproduc t ive fa rms which use little fertilizer a n d t h u s 
have t h e greatest t heore t i ca l possibility of increasing t he e f f ic iency of fer t i l iza t ion tha t 
there is t h e least hope of rais ing the agrotechnical level, a n d so on. 
ВЕКЕ. D.: Some 40 — 50% of t h e yield increase over the past f i f t e e n yea r s has been d u e t o the 
higher r a t e of nu t r i en t supp ly . The i m p r o v e m e n t of soil c u l t i v a t i o n produced a 20 — 30% 
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increase. T h e remainder (20 — 4 0 % ) can be a t t r i b u t e d to other f a c t o r s . Eff iciency can be 
increased in t h e years to come b y b e t t e r soil cu l t iva t ion , by improv ing t h e water capac i ty 
of the soils, b y reducing losses t h r o u g h be t te r organiza t ion and w o r k discipline, and b y 
the extension a n d in tens i f ica t ion of p lan t p ro tec t ion . 
ВЕКЕ, I . : The eff ic iency of fer t i l izat ion c a n be considerably increased t o d a y , pr imar i ly by b e t t e r 
organizat ion, i r r igat ion, i m p r o v e m e n t of the nu t r i en t - supp ly ing c a p a c i t y of soil, and b y 
providing an adequa t e t echnica l background . 
There are incalculable perspec t ives in t h e improvement of p l a n t protect ion, 
proper soil cu l t iva t ion , the p r o d u c t i o n of new var ie t ies , and in t h e f a c t o r s listed above. 
Pa r t i cu l a r ly in the f ie ld of p l an t p ro tec t ion we can wi tness t h e development of 
new economic ideas, according t o which p lan t p ro tec t ion is an u p - t o - d a t e p roduc t ion 
tool. I n crop p roduc t ion a s t r u c t u r a l change is t a k i n g place in t he p r o d u c t i o n tools; a t a 
higher technological level a n u m b e r of mechanical , e tc . procedures a r e being replaced b y 
more up - to -da t e , product ive chemica l methods . 
BuzÁs , I . : An increasing number of r esea rchers s ta te a n d prove t h a t b y general izing Liebig 's 
law and e x t e n d i n g it to cover all product ion f ac to r s as well as t h e ac t ive agents, i t is 
impossible t o set an upper l i m i t t o i ts va l id i ty ; consequent ly , Mi tscher l ich ' s law does 
not hold t r u e , or a t least is n o t a law. 
W h e n generalizing L ieb ig ' s law it is r ega rded as holding t r u e in respect of minera l 
nu t r ien ts , p l a n t protect ion, soil cul t ivat ion, v a r i e t y , p lant n u m b e r , agr icul tural opera-
tions, work m a n a g e m e n t , soil t y p e , t empera tu re , sunshine, oxygen a n d carbon dioxide, 
etc. , t h a t is, in respect of all k n o w n or as yet u n k n o w n produc t ion fac to r s . 
As t h e min imum p r o d u c t i o n factor increases the yield s h o w s a linear increase 
which lasts un t i l another f a c t o r or fac tors become min imum. F r o m t h e n on the increase 
in yield, according to Liebig, is zero, while accord ing to Mitscher l ich it is not l inear , 
t h a t is, i t g radua l ly decreases, or a reduct ion in yield may occur. 
If we consider t h a t t h e s t a v e s in Liebig 's barre l are no t of t h e same wid th , in 
other words , no t only fac tors w h o s e values are of decisive i m p o r t a n c e are present , b u t a 
mu l t i t ude of qu i te small gaps a r e also found in t h e barrel, t h r o u g h which the copper 
only oozes, so several fac tors cou ld well be r e d u c e d t o a relative m i n i m u m at the s a m e 
t ime, and t h e yield could still increase, t hough n o t linearly. These g a p s also represen t 
the gaps in our present knowledge , which m u l t i p l y as crop yields increase and become 
more and m o r e difficult t o recognize . When t h e y are e l iminated , however , the yield 
curve will become linear aga in . 
If we accept the f ac t t h a t the world is cognizable, it m u s t be s ta ted t h a t t h e 
val idi ty of t h e Liebig law has no u p p e r limit. T h e yields will be c a p a b l e of increasing f a r 
beyond t h e l imits t h a t can b e imagined at p r e sen t , because as t h e level of h u m a n 
knowledge rises the descending section of the y ie ld curve can a l w a y s be made l inear . 
A m o n g t he factors l i s ted in t he question as hav ing an in f luence on the crop y ie lds 
(pest control , var ie ty , i r r iga t ion , etc.), and also a p a r t f rom these (e.g. hea t , sunshine , 
carbon dioxide , etc.) i n n u m e r a b l e product ion f ac to r s exist, t h e co-ord ina t ion of which , 
a t least of t hose already k n o w n , is not an unfeas ib le task even n o w . Yield increases are 
restr ic ted a t present by the f i n a n c i a l means ava i lab le for this p u r p o s e ra ther t h a n by 
the level of knowledge, since t h e r e are two th ings t h a t can set a l imi t t o the boundless 
increase of yields: one is the l eve l of knowledge accumula ted a t a g i v e n s tage of the socio-
economic deve lopment , t he o t h e r is the f inancial m e a n s tha t can b e s p e n t on an increase 
in crop yields . The deve lopmen t of these two should he in h a r m o n y wi th the rise in 
food d e m a n d s . 
W e can only hope t h a t w h e n we reach t he p o i n t where t he ex i s t ence of the h u m a n 
race depends on how the p r o b l e m of food p roduc t i on is solved, t h e intellectual a n d 
f inancial resources required fo r th i s , purpose will in fact he s p e n t o n self-preservat ion. 
CsiLLÉRY, M.: Increas ing the e f f ic iency of fer t i l izat ion is a complex t a s k . T h e application of a 
high r a t e (5 — 8 q/ha active i ng red i en t ) of fer t i l iza t ion will only be p rof i t ab le if the ru les 
of proper soil cul t ivat ion are k e p t , diseases and pes t s are regular ly controlled, the m o s t 
suitable p l a n t varieties are chosen , and the o p t i m u m time and q u a l i t y of various work 
processes is ensured by an a d e q u a t e level of mechaniza t ion and good organizat ion. 
Accord ing to present i deas , 6—10 q /ha of mixed active i n g r e d i e n t is considered 
to be a high r a t e of fer t i l izat ion. Th i s could, however , be increased cons iderably p rov ided 
other condi t ions make it poss ible . If all the cr i te r ia are satisfied a t an op t imum level. 
I would expec t breeding to b e t h e basis of f u r t h e r progress. 
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P l a n t breeders are still faced with a g r e a t number of t a sks . If wheat a lone is 
t aken in to considerat ion, t h e r e is a need for va r ie t i es res is tant t o various pes ts a n d 
pa thogens , wh ich have h igher s tandabi l i ty a n d produc t iv i ty a n d a more economica l 
ut i l izat ion of wa t e r and nu t r i en t s . 
The p resen t results could not have b e e n a t ta ined w i t h o u t suitable va r i e t i e s . 
A 60 — 70 q / h a yield of w h e a t a n d 80 — 100 q / h a maize under f a r m conditions w o u l d 
have been inconceivable 25 — 30 years ago. 
Maize yields exceeding 200 q have been recorded in field exper iments . 
These resul t s suggest t h a t providing t h e necessary condi t ions are c rea ted an 
incalculable increase in yield m a y be expected. 
DEBRECZENI, В. : S tud ies on the corre la t ions be tween fer t i l iza t ion and yield, and on t he i n t e r -
actions b e t w e e n fert i l izat ion a n d the level of agrotechnics suggest t h a t if t he ag ro -
technics are rea l ly good larger amounts of fe r t i l i zer can be p r o f i t a b l y used t h a n w i t h 
average c u l t u r a l practices, because with the h i g h e r level of agrotechnica l fac tors m e n -
t ioned in t h e ques t ion the eff iciency of fe r t i l i za t ion , t h a t is, t h e surp lus yield per u n i t 
active i ng red i en t , will also increase. The e x t e n t t o which the ind iv idua l factors i m p r o v e 
the eff iciency of fert i l ization c a n n o t be expressed b y an average f igure , yet I t h i n k t h a t 
if all the changeab le p roduc t ion factors were s imul taneous ly a l t e red according t o t h e 
op t imum l a w t h e effect of fer t i l izat ion could b e increased b y some 50 — 1 0 0 % , as 
shown by t h e example of t he produc t ion sys tems . 
HARASZTI, E . : I n H u n g a r y the eff ic iency of fer t i l izat ion c a n be increased b y nearly 100%, de-
pending on t h e p lan t species a n d varieties, as s h o w n by the resu l t s achieved on f a r m s 
with o u t s t a n d i n g produc t iv i ty . The cul t ivat ion of var ie t ies and h y b r i d s which give l a rge 
yields, are responsive to high r a t e s of fer t i l iza t ion a n d irr igation a n d are best a d a p t e d 
to the ecological conditions of t h e given region is of part icular impor tance . 
HARMATI, I . : I n 1976, 254 kg/ha N P K active i ng red i en t s were used in Hunga ry , wh ich is 
enough to p r o d u c e a yield considerably larger t h a n the present one. The eff iciency of 
fer t i l izat ion o n a nat ional scale could be s u b s t a n t i a l l y increased, as proved by fer t i l iza-
t ion tr ials ca r r i ed out a t va r ious research si tes as well as by t h e resul ts of the m o s t 
efficient f a r m s . I n order to increase the eff ic iency of fert i l izat ion, however , the f a c t o r s 
influencing i t m u s t be well k n o w n . They are: 
1) T h e r a t e of fer t i l izat ion. Many f a rms u s e m u c h too m u c h , a n d others m u c h t o o 
little fer t i l izer . 
2) T h e r a t i o of fert i l izers. I n many places t h e nut r ient d e m a n d of the p l an t , t h e 
soluble N P K con ten t of the soil a n d the pre-crop a r e still not given proper cons ide ra t i o r . 
3) T h e nu t r i en t d e m a n d s of the plant species and varieties. 
4) T h e soluble N P K c o n t e n t of the soil. I f t h i s is unknown fert i l izat ion c a n n o t be 
properly ca r r i ed out . 
5) T h e t y p e of soil, which influences t he u t i l i za t ion of n u t r i e n t s (calcium c o n t e n t , 
hydroly t ic ac id i ty , mechanical s t ruc ture , water r eg ime , humus level , etc.). In acid soils, 
for example , l iming f u n d a m e n t a l l y improves t h e convers ion of fer t i l izers and the n u t r i e n t -
supplying c a p a c i t y of the soil. 
6) P re -c rop . 
7) Q u a l i t y of soil cu l t iva t ion . 
8) Leve l of p lant p ro tec t ion . 
9) N u m b e r of p lants /ha . 
10) S t a n d a r d of water supp ly . Under f a v o u r a b l e prec ip i ta t ion or irrigation con-
ditions the n u t r i e n t supplies of t h e soil are b e t t e r utilized t h a n u n d e r dry condi t ions . 
11) Fer t i l izer qual i ty . 
12) Techn ica l s t anda rd of dis t r ibut ion. 
13) M a n n e r and t iming of fertilizer app l i ca t ion . 
14) A d j u s t m e n t of n i t rogen ferti l ization t o t h e type of soil (e.g. Agronit or P é t i 
salt for acid soils). 
The exper imen t s show t h a t if a t t en t i on is paid to each of these fac tors t h e 
efficiency of fer t i l izat ion is increased to a g rea te r or lesser ex ten t . If t hey were app l i ed 
in h a r m o n y t h e efficiency of fer t i l izat ion could b e grea t ly increased. Reckoning w i t h a n 
average i m p r o v e m e n t of only 4 — 5 % per f ac to r , wh ich is a very modes t es t imate , t h e 
efficiency of fer t i l izat ion could be increased b y s o m e 50—60%. 
This is only a rough e s t ima te , but if t he 20 — 5 0 % increase in efficiency ach ieved 
by liming acid soils, the 10 — 3 0 % improvement a t t a i n e d by i r r iga t ion , or the 2 0 — 1 0 0 % 
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higher eff ic iency achieved b y using the r i g h t a m o u n t s and p ropor t ions of fe r t i l izers are 
considered th i s 50 — 6 0 % es t ima te does n o t s eem so unreal is t ic . 
I believe t h a t a r ad ica l change could be brought a b o u t b y providing a d e q u a t e 
exper t adv ice based on soil analyses, b y u s i n g good qual i ty ferti l izers of t h e r equ i red 
composi t ion , and by s tor ing and applying t h e m properly. 
HELMECZI, В. : The re are great possibilities l a ten t in t h e application of t h e procedures m e n t i o n e d 
in t h e ques t ion . I th ink t h e efficiency of fe r t i l izers could be increased th rough t h e com-
plex d e v e l o p m e n t and appl ica t ion of t hese procedures . I t wou ld be ra ther d i f f i cu l t to 
give f i gu re s or percentages t o express the increase in efficiency. T h e diff iculty lies main ly 
in t h e f a c t t h a t in th is connect ion no re l i ab le exper imenta l d a t a are avai lable as ye t . 
For m y p a r t I should def in i te ly add the f u r t h e r possibilities i nhe ren t in the app l i ca t ion 
of o rgan ic substances a n d in soil amel io ra t ion t o the p rocedures ment ioned. I a t t a c h 
pa r t i cu la r impor tance to t h e combined use of var ious organic subs tances (liquid m a n u r e , 
c o m m u n a l sewage and silt, s t r a w and o the r organic refuse) a n d artificial fer t i l izers . This 
would n o t only increase t h e efficiency of t h e fertilizers, b u t would also i n t e n s i f y the 
fer t i l i ty of t he soil, improve t h e quality of t h e yield and reduce env i ronmenta l po l lu t ion . 
E x p e r i m e n t s show t h a t t h e combinat ion of these organic substances w i t h ar t i f ic ia l 
fert i l izers s t imula tes t he biological ac t iv i ty of t h e soil and, w h a t is a t least as i m p o r t a n t 
as th i s des t roys the pa thogen i c microorganisms which m a y be introduced i n t o t h e soil 
wi th l iqu id manure , c o m m u n a l sowage a n d si l t . I t is a wel l -known fact t h a t o n areas 
(most ly n a t u r a l ecosystems) where the v e g e t a t i o n is not r e m o v e d from the soil over a 
long pe r iod of t ime, decayed plant p a r t s r e t u r n to the soil, t he reby ensur ing a per-
m a n e n t ba lance between t h e soil and t he p l a n t . The s i tuat ion is qui te d i f fe ren t on agri-
cu l tura l ly cul t ivated areas (cul tural or a g r a r i a n ecosystems), f r o m where the p l a n t s are 
most ly r e m o v e d to be used elsewhere. As t h e yields increase in size the soil becomes 
more a n d more depleted of nutr ients , t h e r ep lacemen t of wh ich , as far as t h e biogenic 
e lements (par t icular ly n i t rogen , phosphorus , potass ium a n d calcium) are c o n c e r n e d , is 
carried o u t regularly b y m e a n s of artificial fer t i l iza t ion. This, however , is only one aspect 
of t h e m a i n t e n a n c e of soil fer t i l i ty , while t h e o ther aspect, i.e. t h e biological a c t i v i t y of 
the soil a n d the ac t iv i ty of microorganisms, is pushed m o r e a n d more in to t h e back-
ground . 
HUSTI, M.: T h e efficiency of fer t i l izers can be increased by supp ly ing them at a r a t e which 
satisfies t h e nu t r ien t r equ i r emen t s of the c u l t i v a t e d plants d u r i n g the vege ta t ion period. 
The r a t i o of active ingredients contained in t h e fertilizer should mee t the special require-
men t s of t h e crop. A def ic iency of any of t h e act ive ingredients decreases t h e effect ive-
ness of t h e others. 
P l a n t s a t t acked b y var ious pests a re n o t capable of n o r m a l nut r ient u p t a k e , so 
t hey on ly part ial ly ut i l ize t he nu t r i en t s suppl ied, which reduces the e f f ic iency of 
fe r t i l iza t ion . 
Soil cul t ivat ion is of decisive i m p o r t a n c e in shaping t h e life of the soil. I t is by 
soil cu l t i va t i on t h a t t he condit ions necessa ry for the cu l t i va t ed plants a re b r o u g h t 
abou t . N u t r i e n t u p t a k e requi res sufficient w a t e r to be con ta ined in the soil: s ince, in 
íny op in ion , this is a d e t e r m i n a n t of t he y ie ld , soils mus t be k e p t in such a s t a t e t h a t 
t hey are able to take u p a n d re ta in p r ec ip i t a t i on or i rr igat ion water . 
T h e different n u t r i e n t s are in t roduced in to the land in t h e course of soil cul t iva-
t ion, so t h e y should be p laced at a d e p t h where they will be available to t h e p lants . 
La rge amounts of ferti l izer are o n l y util ized by var ie t i es capable of p roduc ing 
large yields , so cons tan t a t t en t ion m u s t he given to the occasional inclusion of new 
var ie t ies in product ion. I n m y opinion th i s possibil i ty is not exploi ted in H u n g a r y ; even 
in t h e c rops which are g rown on the la rges t areas 20 — 3 0 % of t he varieties a re out-of-
da te , a n d for some crops, e.g. sunflower, t h i s percentage is still higher. 
L a n d is of enormous value and m u s t be exploited t o t h e max imum. 
Ra t iona l , careful soil cult ivation, va r i e t i e s capable of producing large y ie lds and 
a b a l a n c e d nut r ien t supp ly could increase t h e yields b y 15 — 20% on m a n y farms. 
K i s s , Á.: F o r t h e t ime being we do not know w h e r e t he limit is. T h e aim is to deve lop known 
cu l tu ra l pract ices, breeding , disease and pe s t control and m e t h o d s of fer t i l izat ion to such 
an e x t e n t as to ensure t he food supply of t h e increasing wor ld populat ion. 
T h e large world organizat ions should follow the deve lopmen t of world p r o d u c t i o n 
wi th c o n s t a n t a t t en t ion . If t h e y see t h a t t h e balance be tween world p roduc t ion a n d the 
increase in the world popu la t ion is t h r e a t e n e d , they m u s t d r a w the a t t e n t i o n of the 
g o v e r n m e n t s concerned to t he impor tance a n d necessity of f ami ly planning. 
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In H u n g a r y the re is no over -popula t ion problem, so w i t h increased fe r t i l i zer 
eff ic iency, more skilful disease and pest con t ro l , improved cu l tu ra l practices a n d m o r e 
in tensive p lan t var ie t ies t h e development of agr icul tura l p roduc t i on can be ensu red fo r 
several decades . 
KOLTAY, Á.: T h e conversion of fert i l izers is de t e rmined by their r eac t ions and by the c h a n g e s 
occurr ing in their r eac t ions in the course of p l a n t nutr i t ion. T h e efficiency of fe r t i l i za -
t ion c a n be considerably increased by an e x a c t knowledge of t h e interact ions b e t w e e n 
the appl ied substance a n d t he soil, and by t h e el imination of adverse effects. 
Physiological o p t i m a , nu t r ien t ra t ios bes t suited to t h e condit ions, and t h e de-
tec t ion a n d el iminat ion of deficiency s y m p t o m s m a y subs tant ia l ly increase the e f f i c i ency 
of fer t i l iza t ion . The ef fec t of t he large a m o u n t s of fertilizers used in Hungary is spoi l t 
by t h e unevenness of mix ing and d is t r ibut ion; improvement s in th i s respect wou ld also 
increase t he efficiency. 
KOVÁTS, A.: T h e efficiency of fer t i l izat ion is a ca lcu la ted value, t h e order of m a g n i t u d e of 
which is inf luenced by m a n y factors, e.g. t h e level of cu l tu ra l practices, the v a r i e t y 
grown, etc . In H u n g a r y t he r e are ample possibilit ies for increas ing the ef f ic iency of 
fer t i l iza t ion, par t icular ly considering the f a c t t h a t some of t h e producing f a r m s c a r r y 
out fer t i l iza t ion in a r o u t i n e manne r , so t h a t t h e r a t e of fer t i l iza t ion is of ten ei ther h ighe r 
or lower t h a n necessary. The efficiency of fer t i l izat ion can be greatly increased b y 
improv ing the p roduc t ion fac tors , especially b y more fully explo i t ing the po ten t ia l p ro-
duc t iv i ty of the variet ies . 
The index of eff ic iency is lowered w h e n fert i l izat ion is carr ied out in o r d e r t o 
compensa t e for bad cu l tu ra l practices. Accord ing to our expe r imen t s , for e x a m p l e , a 
m o n t h ' s delay in sowing compared to the o p t i m u m sowing t i m e resul t s in cer ta in y e a r s 
in a yield loss, which can only be made u p fo r wi th about 100 k g / h a N P K act ive a g e n t . 
While th i s amoun t of fer t i l izer actually increases the yield w h e n t h e crop is sown a t t h e 
o p t i m u m t ime, in our e x a m p l e it only m a k e s u p for the agro technica l deficiencies. T h e 
ca lcula ted value of ef f ic iency will thus be d i f f e r en t in the t w o cases. 
The high-yielding in tensive varieties considerably improve t he index of e c o n o m i c 
eff iciency. Wi th ident ical r a t e s of fer t i l izat ion t h e larger the ha rve s t ed crop, t h e h igher 
the yield per 1 kg act ive agen t . The avai lable d a t a are not suf f ic ien t at present t o assess 
the possibi l i ty of increas ing the economic eff iciency of fer t i l iza t ion inherent in agro-
technics and variety. 
LÁNG, G.: Fer t i l iza t ion , and in general an o p t i m u m nu t r i en t supply t o the plants , is a p re -
condi t ion for a t ta in ing large yields and m u s t be ensured as a bas i s if the yield a v e r a g e s 
are t o be increased. The m o r e closely the cond i t ions for the o p t i m u m nutr i t ion of p l a n t s 
can be approached wi th doses of fertilizer, t h e more " e f f i c i e n t " t h e fert i l ization c a n be 
r ega rded as being. I t is ex t remely diff icult t o f i n d an index t h a t gives a t rue p i c t u r e of 
the a c t u a l efficiency of fer t i l izat ion. The i n d e x of ten used a t p r e sen t , which shows t h e 
kg a m o u n t of fertilizer ac t ive agent d i s t r i bu t ed by the f a r m for t he produc t ion of 1 q 
ma in crop, does not only give informat ion on t h e efficiency of fer t i l izat ion, b u t c a n also 
be r e l a t ed wi th the choice of var ie ty, t h e level of soil cu l t iva t ion , or with a n y o t h e r 
agrotechnica l factor . T h e f ac t t h a t a f a r m uses 12 kg ferti l izer ac t ive agent t o p r o d u c e 
1 q w h e a t may be t he consequence of a b a d l y choscn var ie ty , serious deficiencies in t h e 
soil cu l t iva t ion , or unsa t i s f ac to ry p lant p ro t ec t i on operat ions , b u t it may e q u a l l y be 
due t o delayed ha rves t ing , or to the w r o n g proport ions of t h e individual t y p e s of 
fer t i l izer , and may n a t u r a l l y be the resul t of uneven fert i l izer dis t r ibut ion. T h u s , t h i s 
index in itself does n o t reveal the cause of t h e phenomenon , which must be f o u n d in 
each case by detailed invest igat ions. 
LŐRINCZ, J . : The response t o fer t i l izat ion may v a r y even within a v a r i e t y . New var ie t i es are 
needed which have d i f f e ren t reactions t o fer t i l izat ion. These will natural ly h a v e dif-
f e ren t h a b i t a t s too. The role of sunshine is also very i m p o r t a n t , e.g. the posi t ion of t h e 
leaf a n d t he angle of incidence change t h e e x t e n t of energy t r ans fo rmat ion . T h e s e all 
r ep resen t t asks for t h e breeder . In add i t ion t h e so i l -nut r ient -p lant relation also n e e d s 
improv ing . The role of ecology cannot be r e d u c e d to the level of soil, var iety and n u t r i e n t . 
The factors t h a t shape the yield are highly diversif ied: successful pest con t ro l , 
wel l -p lanned soil cu l t iva t ion , up- to-date va r i e t i e s and the o p t i m a t i o n of f a c t o r s w h i c h 
are a t a m i n i m u m m a y resu l t in a radical change in the q u a n t i t y of yield, and e v e n in i ts 
qua l i ty . More a t t en t i on m u s t be paid to these fac tors in t he f u t u r e , since the e m p h a s i s 
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which h a s so far been la id on quan t i ty m a y shift subs tan t ia l ly due to the d e m a n d 
for q u a l i t y . 
MIIIALYFALVY, I . : In Hungary one of the basic p r o b l e m s in intensive agr icul tura l deve lopmen t 
is to inc rease the fert i l i ty of t he soil. 
B y optimizing t h e biological and agro technica l fac tors c rop product ion c a n be 
cons ide rab ly increased. A good example is t h e 100 q/ha gra in yield of maize in some 
fa rms , w h i c h corresponds t o 200 q/ha t o t a l d r y mat te r p roduc t i on for whole above-
ground p l a n t s . 
I n soils with f a v o u r a b l e physical a n d chemical proper t ies , will supplied w i t h 
n u t r i e n t s , t h e utilization of art if icial fer t i l izers b y plants is more modera te t h a n in poor 
soils. I f t h e necessary biological and agro techn ica l factors are provided , in t he b e t t e r 
soils r a t i o n a l artificial fe r t i l i za t ion may r e s u l t in a 20 - 30% yie ld surplus, on ave rage , 
while in poor soils this i nay a m o u n t to 40 — 5 0 % . 
MOLNÁR, J . : C rop yields in H u n g a r y could be increased by an ave rage of 60% by t h e y e a r 
2000, i.e. t o 65 — 70 q/ha in maize and to 55 — 58 q/ha in w h e a t , since even now the 
c o u n t r y is in the vangua rd of agricultural p roduc t i on in Europe . 
A considerably g r ea t e r increase can be a t t a ined in roughage and grass p r o d u c t i o n . 
E v e n a 100 — 150% increase in the yields of t hese crops may be a reasonable ob jec t ive . 
On t h e s e areas the main causes of s t a g n a t i o n are out-of-date cul tura l pract ices , t he 
absence of appropr ia te h a r v e s t i n g machines a n d the lack of condi t ions necessary for 
p r e s e r v a t i o n . 
I n some crops, e.g. in sunflower, t h e yield could be doub led by the t u r n of t he 
c e n t u r y . T h e present low yie ld average of t h i s c rop is caused by t he lack of high y ie ld ing 
and r e s i s t a n t varieties. Hybr id i za t ion could resu l t in rapid progress . 
NYÉKI, J . : A c c o r d i n g to American au thor s the e f f ic iency of fert i l ization is responsible for a b o u t 
60% of t h e surplus yield (over and above t h e na tu ra l fert i l i ty of t he soil); 10% can be 
a t t r i b u t e d t o soil cu l t iva t ion , 10% to p lant p ro tec t ion . 10% to t h e variety and 1 0 % to 
the co r rec t p lan t number . 
Of course, if the a b o v e factors are co-ord ina ted , then t h e absolute value of t h e 
relat ive n u m b e r s will be h igher . The more ex t ens ive the condi t ions (bad soil cu l t iva t ion , 
neglected p lan t protect ion, e tc ) under w h i c h fertilizers are appl ied, the lower t h e 
eff ic iency. 
T h e most impor tan t precondit ion for increas i rg yields is t he well-balanced de-
v e l o p m e n t of the nat ional economy, in the course of which t he basis could be a h igh ly 
deve loped industr ial b a c k g r o u n d . A high level of agronomical work with a s t r o n g 
biological b ias must be bu i l t u p on this, and shou ld include u p - t o - d a t e plant p ro t ec t i on , 
b reed ing a imed at p roducing varieties wi th h igher product iv i ty , and cultural p rac t i ces 
(control of organic m a t t e r tu rnover , chemiza t i on fert i l izat ion, etc.) performed w i t h 
modern e q u i p m e n t . 
I n addi t ion to all th i s , there are still g rea t possibilities for increasing yie lds 
Taking t h e present na t iona l product ion level of our two most i m p o r t a n t crops, w h e a t 
and m a i z e , as a basis, a n d considering t h a t f a r m averages as h igh as 58 — 62 q / h a for 
wheat a n d 85 — 100 q/ha for maize also go t o w a r d s making u p t h e na t ional average, t h e 
yield of f a r m s with low yield averages can ce r t a in ly be increased b y t h e right profess ional 
guidance a n d ameliorat ion of soils. However diff icult it is t o characterize t he pos-
sibilities of a yield increase us ing numerical d a t a , I do not t h i n k I should be too f a r 
out if I s ay t h a t an average yield of 50 — 55 q / h a for wheat and 65 — 75 q/ha for ma ize 
could be a t t a i n e d . The p r o d u c t i o n area of ou r t w o major crops m a y he reduced in t h e 
d is tant f u t u r e , i.e. the a rea in tens i ty may increase , and the l a n d t h u s released will be 
utilized fo r more successful prof i tab le crops a n d providing an o p p o r t u n i t y for deve lop-
ment a i m e d at increasing t h e intensi ty of l ives tock farming. 
PAIS, I.: In m y opin ion agricul tural product ion a n d t h e efficiency of fer t i l izat ion in H u n g a r y 
can only be promoted t h r o u g h the s imul taneous improvement of o ther parameters . T h e 
ex ten t of t h i s increase in p roduc t ion could r e a c h three t imes t h e present , qui te h i g h 
level of p roduc t ion , and in t h i s increase not on ly ferti l ization, b u t also other p a r a m -
eters s u c h as the selection of suitable p l a n t varieties may p l ay an impor t an t role. 
PECZNIK. J . : T h e yield averages of f a r m s in H u n g a r y show considerable var ia t ion , due m a i n l y 
to d i f f e r en t site conditions. However , not i n f r e q u e n t l y great d i f ferences in yield ave rage 
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are found be tween farms w i t h nearly identical na tu ra l condi t ions. There may also b e 
considerable differences in y ie ld between p a r t n e r fa rms wi th in t h e same p r o d u c t i o n 
sys tem, w h e r e the technology applied, including t h e amount of fer t i l izer to be u s e d , is 
s tr ict ly laid down. Measuremen t s have shown t h a t even within t h e same field a d j a c e n t 
strips m a y produce d i f fe ren t c rop results, due , fo r example to t h e uneven d i s t r i b u t i o n 
of fert i l izer or pesticide. I a m of t he opinion t h a t b y strictly observ ing the rules of u p - t o -
da te agrotechnics , yield ave rages could be inc reased by some 5 0 % on a nat ional sca le , 
assuming ident ical levels of n u t r i e n t supply. 
PETRASOVITS, I . : W i t h the best va r ie t i e s known at p r e s e n t , by using t h e fac to rs men t ioned in 
propor t ions va ry ing according t o the plant species , different r e su l t s can be a t t a i n e d in 
d i f ferent p a r t s of the c o u n t r y a n d even on ind iv idua l farms. T h e ques t ion is, h o w e v e r , 
whether t h e resul tant of t h i s mul t i componen t sys tem is rea l ly an "increase in t h e 
efficiency of fer t i l iza t ion" , or if i t is not r a t h e r a case of increas ing the eff iciency of 
sys temat ic c rop produc t ion , which, na tu ra l ly , canno t be ca r r i ed out wi thout m o r e 
intensive fer t i l izat ion. 
PETRÓCZI, I . : O n sloping areas u s e d for agricul tural cul t ivat ion w a t e r running off t h e soil 
surface m a y carry with it t h e fertil izers and some of the pesticides. Since s tanding w a t e r s 
and wa te r reservoirs may t h u s become c o n t a m i n a t e d , env i ronmenta l protect ion m e a s u r e s 
mus t be t a k e n . An O M F B (Nat ional Commi t t ee on Technical Development , N C T D ) 
s tudy is in progress on t he s u b j e c t "P ro t ec t i on of utilizable w a t e r supplies with r e g a r d 
to water pol lu t ion due to t h e chemizat ion of ag r i cu l tu re" , on t h e bas is of which reso lu -
tions will be p u t forward. I t is no t , however, s lop ing areas alone t h a t are concerned h e r e , 
as the in f i l t r a t ion of fer t i l izers and pesticides i n t o loose sandy soils is jus t as d a n g e r o u s 
f rom the p o i n t of view of d r ink ing water. Con tamina t ion m a y l a t e r be t r ans fe r r ed t o 
deeper l ayers of belowground waters . The h u m a n sani ta t ion a spec t s of the p ro tec t ion of 
surface a n d subsurface w a t e r supplies in the r eg ion or on the f a r m in question m u s t b e 
known to those engaged in agricultural p r o d u c t i o n . Hunga ry ' s na t iona l plant p r o t e c -
t ion and agrochemical n e t w o r k , which comes u n d e r the direction of t h e Plant P r o t e c t i o n 
and Agrochemical Centre of t h e Ministry of Agricul ture and F o o d , is managed a t a n 
up- to -da te a n d in terna t ional ly accepted íevel. Accordingly, t h e obligat ions u n d e r t a k e n 
by H u n g a r y in in te rna t iona l agreements and co-operat ion are t a k e n into cons ide ra t ion 
when f o r m u l a t i n g the necessary measures. Accord ing to our p re sen t knowledge c h e m i z a -
t ion will p l a y a decisive role in the following 10 — 20 years in sp i te of the o b j e c t i o n s 
r ight ly m a d e all over t he wor ld on behalf of env i ronmenta l p ro tec t ion . The fe r t i l i ze r 
consumpt ion will cont inue t o grow, and t h e herbicides which a re dominant in p l a n t 
pro tec t ion are unlikely t o be replaced or s u p p l e m e n t e d by o the r in tegra ted m e t h o d s of 
weed killing. I n my opinion, a l though the d r i f t of fertilizers m a y be considerable w h e n 
ferti l izers a re incorrectly app l ied (e.g. jus t b e f o r e snow melts), t h e leaching of n u t r i e n t s 
has not y e t reached a level which is h a r m f u l t o the e n v i r o n m e n t , in spite of loca l 
problems wh ich arise ma in ly in the case of wells. The comprehens ive measures p l a n n e d 
should resu l t in a sa t i s fac tory si tuat ion. 
POZSÁR, В.: The level of agr icul tura l product ion on la rge modern f a r m s is gradually a p p r o a c h -
ing the record yields o b t a i n e d in macroplots (144 q/ha in Mexican wheat , 128 q / h a in 
Trit icale, 168 q/ha in maize , 67 q /ha in soybean) . P lant b reeders are generally of t h e 
opinion t h a t large fa rms are no t able to exploi t t h e full yielding ab i l i ty of the va r i e t i e s . 
The record yields are o b t a i n e d with a high r a t e of fer t i l izat ion. By using r e g u l a t o r s 
qual i ty de ter iora t ion can be corrected in m a n y cases on a f a r m scale as well. R e g u l a t o r 
research is a imed par t ly a t a be t t e r up take of macro- and microe lements and p a r t l y a t 
higher p roduc t ion biological efficiency. In H u n g a r y one of the s imples t ways of i nc reas -
ing yield averages is to p r o m o t e the deve lopmen t of fa rms whose product iv i ty is s t i l l 
less t h a n average. 
RAKONCZAY, Z.: I t would be imprac t i cab le to give numer i ca l data on t h e problem, bu t I t h i n k 
t h a t t he eff iciency of fe r t i l i za t ion could be g r e a t l y increased n o t only by disease a n d 
pest control , careful soil m a n a g e m e n t , b e t t e r organizat ion of agr icu l tura l work, i r r iga-
t ion, mechn iza t ion and t h e correct choice of p l a n t varieties, b u t also by spec ia l iza t ion 
within t h e coun t ry and on a n internat ional scale , t h a t is by decreas ing the t e n d e n c y t o 
self-sufficiency to the lowest possible level. 
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ROMANY, P . : T h e efficiency of a single p roduc t ion f ac to r can genera l ly be de termined only by 
highly complicated calcula t ions . The f a c t o r s influencing the c rop yields can be divided 
in to t w o large groups. 
O n e of the g roups includes those f a c t o r s which d i rec t ly influence t h e y ie ld bu t 
r equ i re nu t r i en t s to m a k e the i r effects fe l t . These are the v a r i e t y , the plant d e n s i t y , etc. 
The o t h e r group of f ac to r s , though it is a lso related to n u t r i e n t s , acts ind i rec t ly , and 
t he r e is no need for n u t r i e n t s to become ob jec t i f i ed in the p l a n t yields (e.g. t h e p l an t is 
p r o t e c t e d wi th a pest icide) . 
Some of this second group of f ac to r s a re indispensable if a yield is to be p roduced 
(e.g. sowing, plant p ro t ec t i on , harves t ing , e tc . ) , while o thers p r o m o t e the u t i l i za t ion of 
n u t r i e n t s (e.g. correct m e t h o d of fert i l izer d is t r ibut ion a n d ploughing in). T h e supple-
m e n t a r y inpu t s do not a f f ec t all the f a c t o r s of the to ta l i n p u t . P lan t p r o t e c t i o n , for 
example , is necessary i r respect ive of w h e t h e r we want to p r o d u c e 30 or 50 q /ha of whea t . 
Sowing, ploughing, ha rves t i ng , etc. mus t a lso be carried ou t i r respect ive of t h e q u a n t i t y 
of y ie ld . 
These factors do n o t f igure with t h e i r full weight in t h e supp lementa ry inpu t s , 
b u t on ly t o the ex ten t r equ i red by those technical deve lopmen t s (new v a r i e t y , new, 
more e f f ic ien t pesticides, e tc . ) which are car r ied out with a v iew to a t ta in ing surplus 
yields. (Taking the t echn ica l level of t h e 1930s into cons idera t ion , this is a b o u t 20%. ) 
Accordingly, t he p ropor t ion of t h e supp lemen ta ry i n p u t s made up of ma te r i a l s 
( fer t i l izers) which will be bu i l t into the c rop increases. On t h e basis of numer ica l da t a 
f r o m r e c e n t years, t a k i n g the nat ional c ropp ing s t ruc ture in to cons idera t ion , this 
a m o u n t s t o 55—60%. (On the other h a n d , the cost of fer t i l izat ion makes u p only 
30 — 3 5 % of the to ta l p roduc t i on costs, s ince the la t ter inc ludes items, e.g. sowing, 
which a re practically i n d e p e n d e n t of p r o d u c t i o n results.) 
O n the above g r o u n d s it can be said t h a t the supp l emen ta ry efficiency of fer-
t i l i za t ion can be increased, though the e x t e n t of this increase is difficult t o foretel l . 
W i t h t h e in t roduct ion of a higher y ie ld ing var ie ty the supp lemen ta ry ef f ic iency of 
f e r t i l i za t ion may suddenly rise. 
T h e efficiency of fer t i l izat ion also h a s an agrochemical a n d agrotechnical aspect . 
This concerns the pe rcen t age of fertilizer a c t i ve agent i nco rpora t ed in the p l a n t f rom 
the t o t a l a m o u n t d i s t r ibu ted . If this agrochemica l and agro technica l efficiency, w h i c h is 
of course closely related t o efficiency as a p p r o a c h e d f rom an economic point of v iew, is 
to be increased there m u s t be a reduct ion in losses in fertilizer ac t ive agent (e.g. mode rn i -
za t ion of storage), in f i x a t i o n in and leaching f r o m the soil ( by dis t r ibut ing t h e fer t i l izer 
app l ica t ions in t ime and app ly ing fertil izers a t different dep ths ) , a n d in losses of n u t r i e n t s 
by eros ion (by means of mel iorat ion m e t h o d s ) . 
Source of losses 
Average 
(%> »I 
e x t e n t 
losses 
Storage, manipula t ion, d i s t r ibu -
tion 1 0 - - 1 5 
Agrochemical conversion ( f ixa-
tion, leaching, etc.) 2 0 - - 6 0 
I n t h e long r u n t h e agrochemical a n d agrotechnical eff ic iency of fer t i l izers can 
be increased by some 20 — 4 0 % by es tab l i sh ing a ne twork of fertilizer s to rehouses , 
i n t r o d u c i n g new liquid fer t i l iza t ion t echno logy , and carrying o u t regional me l io ra t ion , 
etc . W i t h t he present var ie t ies , cu l t iva t ion techniques and economic condi t ions th is 
m e a n s an increase in s u p p l e m e n t a r y ef f ic iency of about 15 — 2 5 % . 
SHMILI.IÂR. M.: I have already re fe r red to the f a c t t h a t under n a t u r a l conditions t he soil is so 
i n t e r w o v e n wi th life t h a t it can practically be regarded as a l iv ing organism itself which 
possesses all the proper t ies t h a t ensure ag r i cu l tu ra l p roduct ion . When in ter fer ing with 
this life g r e a t care should be t aken to use t h e r igh t substances in the right compos i t ion 
and u n d e r op t imum condi t ions , lest our in ter ference upset t h e balance or cause t he 
o v e r d o m i n a n c e of one f a c t o r or another . If we can ensure t h e nutr ient r e p l a c e m e n t 
t a k i n g all t he necessary condi t ions into cons idera t ion , then t h e efficiency of fe r t i l i za t ion 
will be subs tant ia l ly increased compared t o i t s present level. 
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SZABÓ, В. : Taking in to considerat ion t he present level of p roduc t ion , impor tance should be 
a t t a c h e d to t he analysis of f ac to rs inf luencing t h e efficiency of fer t i l izat ion, one of t he 
f u n d a m e n t a l c o m p o n e n t s of p roduc t ion . These fac to rs are soil cul t ivat ion, t h e water 
supply and v a r i e t y . 
Soil cu l t i va t ion is ex t remely i m p o r t a n t for t he conversion of ferti l izers. I t is 
obvious t h a t in a b a d l y cu l t iva ted soil t he physical condi t ions are not f avourab le for the 
microorganisms, a n d thus the f i xa t i on and exploi ta t ion of fert i l izers is l imited while the 
possibility of l eaching increases. 
I t is t h u s clear t h a t an increase in the eff iciency of fer t i l izat ion, and successful 
c rop product ion in general , can only be achieved t h r o u g h careful soil cul t iva t ion . 
There are still great deficiencies in this f ie ld , b u t we have vas t reserves: in my 
opinion a cons iderable (10 — 2 0 % or more) increase in yield could be a t t a ined if th is 
single produc t ion f ac to r alone were improved. 
The role of i rr igat ion is par t i cu la r ly i m p o r t a n t in periods poor in ra infal l , b u t a 
subs tan t ia l increase in yield can only be a t t a ined in any case when the n a t u r a l pre-
cipi ta t ion is complemen ted wi th i r r igat ion. Since t he nu t r i en t supply is generally plan-
ned taking t h e p roduc t iv i ty of t h e crop to be grown in to considerat ion, t h e role of 
i rr igat ion is becoming more and more i m p o r t a n t . I t is pr imar i ly on the d ry lowland 
areas t ha t i r r iga t ion m a y result in a subs tan t ia l increase in yield. W i t h water supp lement 
t h e yield of maize , one of our mos t impor t an t row crops, can be raised to above 100 q/ha 
wi thou t any s igni f icant ext ra i n p u t . 
The s i t ua t i on is the same in the case of sugar-beet , sunf lower or silage maize. 
The role of t he var ie ty in t he yield t r e n d is very i m p o r t a n t , t hough t he yield 
canno t be sa t i s f ac to ry unless t h e o ther p roduc t ion fac tors are a t an adequa t e level. 
The easy avai labi l i ty of n u t r i e n t s is a l ready necessary to our current variet ies, 
b u t it will be increasingly requi red as hybr id iza t ion develops, since t he reac t ions of the 
f u t u r e varieties will be considerably be t te r . Assuming t h a t t he eff iciency of fer t i l izat ion 
depends on t h e fert i l izer composi t ion, soil, p rec ip i ta t ion condi t ions, and las t b u t not 
least on the v a r i e t y , t hen as fa r as the la t te r is concerned, t he mos t sui table v a r i e t y will 
be the one t h a t ensures an increase in efficiency. A well-composed crop s t ruc tu re , wi th 
t he varieties chosen in the l ight of t he local c i rcumstances , is a ful l guaran tee of high 
yield levels. 
Work organiza t ion is a f ac to r which ac ts indirect ly since t he proper sequence 
a n d op t imum t i m i n g of the work processes combined wi th a high qua l i ty of work ensure 
the efficiency of fer t i l izat ion, while in t he opposi te case they m a k e it impossible. 
I t should be noted t h a t a l t hough it is an indirect f ac to r , it m a y have a decisive 
role, since the q u a l i t y of the organiza t ion is in direct p ropor t ion to the qua l i ty of the 
work. There a re a par t icular ly large number of unexplo i ted possibilities in th is field. 
The cont ro l of pests indi rec t ly influences t he efficiency of fer t i l izat ion, as they 
m a y hinder t he g r o w t h and deve lopmen t of p l an t s or dest roy the m a t u r e p l an t , t he reby 
reducing the a m o u n t of yield. T h u s , th i s fac tor is also of impor tance . 
Mechaniza t ion can provide condit ions for t he p lan t s which ensure t he fu l l ex-
ploitat ion of t h e potent ia l p roduc t iv i t y . Good qua l i ty t r ac to r s are required f i r s t and 
foremost , f u rn i shed wi th a suff ic ient number of implements . I n H u n g a r y t he grea tes t 
problem at p r e sen t is the lack of co-ordinat ion be tween t r a c to r a n d implement produc-
t ion, t h a t is, h igh capaci ty t r a c t o r s are a l ready avai lable , b u t a d a p t o r s are only manu-
fac tu red in excep t iona l cases. 
Since t h e eff iciency of fer t i l izat ion is in ques t ion , i t should be poin ted out t h a t 
the lack of sa t i s f ac to ry ferti l izer d i s t r ibu to r s represents a par t icu lar ly serious problem. 
The dis t r ibut ion is not suff ic ient ly un i form, which is not only due to the mach ine ry bu t 
also to the fer t i l izer m a n u f a c t u r i n g . A qual i ty i m p r o v e m e n t in th is field could resul t in a 
considerable yield increase. 
Ferti l izer m a n u f a c t u r e raises considerable problems; complex fert i l izers are 
scarce, the ava i lab le fertil izers are not suff icient ly homogenized and their d i s t r ibu t ion is 
diff icult even if good machines a re used for th i s purpose . 
To sum u p , with the i m p r o v e m e n t of t he fac tors men t ioned crop product ion 
could, in my opin ion , he increased under H u n g a r i a n condi t ions b y a f u r t h e r 20 — 25% 
on a national scale. 
SZALAY, GY.: The eff ic iency of fer t i l izat ion can be increased with any of the f ac to r s listed 
(method of fer t i l izer appl icat ion, p l an t pro tec t ion , soil cu l t iva t ion , work organizat ion, 
improved var ie t ies) . Under H u n g a r i a n condit ions t he efficiency of ferti l izers can, in my 
opinion, be increased at present pr imari ly t h r o u g h the proper cu l t iva t ion of t he soil. 
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According t o m y invest igat ions a n d experience this f ac to r could resul t in 10 — 15% 
higher yields w i t h the same a m o u n t s of fert i l izer. I consider t he be t t e r organizat ion of 
agricultural w o r k to be of a lmos t equal impor tance . I am th ink ing here par t icular ly of 
keeping t o t h e o p t i m u m sowing and harves t ing dates . 
SZALAY, S.: The yie lds per ha in H u n g a r y still v a r y grea t ly f r o m one f a r m to t he other , due 
mainly to di f ferences in soil condi t ions, knowledge , deve lopment level, organizat ion, 
work discipline, and par t ly in t h e means avai lable (mechaniza t ion , cur ren t assets , etc.). 
I t is obvious t h a t as soon as all t h e fa rms and co-operat ives where p roduc t ion is not ye t 
sufficiently u p - t o - d a t e reach t h e level of the bes t f a rms , t he vo lume of p roduc t ion can be 
increased to a g rea t ex ten t . I n H u n g a r y , as elsewhere, a lot could still be done in the 
field of p r o p a g a t i n g knowledge, improv ing organiza t ion and work discipline and increas-
ing the workers ' interest in p r o d u c t i o n . 
SZENICZEY, Cs.: My answer to this ques t ion may be A l i t t le Utop ian . The efficiency of fertil iza-
t ion can, in t h e o r y , be boundless ly increased b y t he deve lopment and o p t i m u m applica-
t ion of t he e l emen t s men t ioned in the quest ion. The reduc t ion to a m i n i m u m of the 
enormous losses dur ing ha rves t ing , s torage and processing represen ts a great reserve for 
the relat ive increase of food p roduc t ion . 
The condi t ions necessary t o redouble our present yield averages could be created 
within a r easonab le t ime. 
SZÉKESSY-HERMANN, Y. — FAZEKAS, S.: Sta t is t ica l d a t a show t h a t the re are great differences in 
fertilizer eff ic iency between t h e count ies . The complex na tu re of efficiency is also shown 
by the fac t t h a t an assessment of t he potent ia l reserves in H u n g a r i a n agr icul ture , ob-
viously t a k i n g in to considerat ion t he technologies known a t p resen t , was des ignated as 
a central t a s k a t the 1978 genera l assembly of t he H u n g a r i a n Academy of Sciences. 
TOMPA, GY.: At p re sen t product ion possibili t ies in H u n g a r y are only exploi ted t o 35 — 40%. 
Although crop p roduc t ion shows a steadily r ising t endency , t he rise is re la t ively slow 
and there are considerable f l u c t u a t i o n s . E a c h of t he fac tors men t ioned in t h e quest ion 
is able to exe r t an effect t h a t c a n be expressed in a yield surplus. The effect would, 
however, be m u c h more in tens ive and significant if these f ac to r s were m a d e use of in 
product ion n o t one by one, in d i f fe ren t years , b u t in a complex m a n n e r over a short 
period of t ime . 
TULCZ, I.: The eff ic iency of fer t i l izat ion is very diff icul t t o s tudy , as m a n y other fac to rs play 
a pa r t in shap ing t he yield. I t is obvious t h a t a n y fac tor t h a t ac ts on t he p l an t in the 
course of p r o d u c t i o n has an in f luence on the eff iciency of fer t i l izat ion. 
N o w a d a y s f r equen t re ferences are m a d e to Liehig 's law, because th i s rule is com-
ing more and m o r e to the fore , a n d m i n i m u m fac to rs are f o u n d to l imit t he q u a n t i t y 
of yield. 
I t is k n o w n t h a t fer t i l iza t ion is the most i m p o r t a n t f ac to r in yield increases. In my 
opinion, if t h e f ac to r s listed in t h e quest ion are provided to an o p t i m u m e x t e n t , a t least 
50% larger y ie lds could be o b t a i n e d a t the p resen t ra te of fer t i l izat ion. We t h u s have 
vas t reserves in th i s field. 
I t h i n k it is unnecessary t o analyse t he fac to rs men t ioned one b y one, as all of 
t h e m disease control , correct soil cu l t iva t ion , be t t e r work organiza t ion , increased 
choice of v a r i e t y , irrigation, mechan iza t i on — car ry in themselves the possibil i ty of 
fu r the r deve lopmen t . 
* 
PÁL, GY.: With the present price of w h e a t a t 290 F t /q and tha t of ni t rogen active agent at 
6.58 Ft/kg, 1 kg ni trogen active agen t can be bought in H u n g a r y for the price of 2.2 kg 
wheat . Knowing tha t the ni t rogen content of green plants is only 0 . 3 0 % , and t h a t the 
disease res is tance of cultivated p lan t s decreases w h e n there is an abundance of nitrogen 
in the soil and t h e plants, do you consider an a b u n d a n t supply of n i t rogen to be dangerous, 
permissible or correct f rom the point of view of phytopathology and plant protect ion? 
Acs , A.: The quest ion ra ised is whe ther an over-appl icat ion of n i t rogen would not cause con-
siderable losses of yield by m a k i n g t he p lan ts susceptible, or less res i s tan t , to var ious 
pathogens. 
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Nit rogen does, indeed, have th is effect on cer ta in crops, a n d if the ecological 
factors ac t in t he same direct ion, cer ta in diseases m a y arise. 
This is no t , however , a suff icient reason for reducing the n i t rogen fer t i l izat ion. 
The solut ion is to increase t he disease res is tance of t he p lan t s genetical ly, t h r o u g h 
breeding. I m p r o v e m e n t in t he microecological condi t ions (e.g. b y avoiding over-dense 
p lan t s t ands ) also reduces dangers of th i s k ind . 
Basically I consider an a b u n d a n t ni t rogen supp ly to be correct pract ice, p rov ided 
its h a r m f u l effects are coun te rba lanced by o ther fac tors . 
BARACS, J . : The ni t rogen supply of t he soil should be considered f r o m t w o points of v iew: 
— t h e ni t rogen supply ing capaci ty of t he soil, 
— t h e o p t i m u m produc t iv i ty of the va r i e ty . 
T h e ni t rogen supply ing capac i ty of the soil is re la ted to its h u m u s content . In t h e 
case of win te r whea t , analyses pe r fo rmed in t he Centra l Labora to ry of the S ta te F a r m , 
Pécs, be tween 1973 and 1977 showed the fol lowing correlat ions for various w h e a t 
variet ies grown on 65,000 ha : 
H u m u s con ten t 
of soil, % 
N active 
agent, 
k g / h . 
Yield, 
q /ha 
l 134 28.0 
1.0—1.5 147 39.4 
1.5—2.0 136 41.5 
2.0—2.5 129 46.4 
2.5—3.0 111 48.9 
3.0—3.5 100 53.2 
above 3.5 97 51.0 
A p a r t f rom its inf luence on the yield, excessive ni trogen appl ica t ion , pa r t i cu la r ly 
in dense s t ands , was found to f avour t he deve lopmen t of funga l diseases (e.g. p o w d e r y 
mildew, foot diseases, etc.), and may promote t h e selection of weed species w h i c h 
require n i t rogen. 
BAUER. F . : I n m y opinion, phy topa tho log ica l and p l an t pro tec t ion poin ts of view should n o t 
be obstacles t o a reasonably a b u n d a n t b u t economical ni t rogen supply which f u l l y 
covers t h e r equ i remen t of the p lan t and increases the yield. Whereve r this p r o b l e m 
arises p l a n t pro tec t ion should be increased ins tead of reducing t h e r a t e of n i t r o g e n 
fer t i l izat ion and thus p reven t ing t he yield increase. 
ВЕКЕ, F.: The d i sadvan tages of n i t rogen appl icat ion are small compared t o i ts impor t an t role . 
Apar t f r o m ensuring an o p t i m u m ra te of appl ica t ion there are o the r ways of e l imina t ing 
the d i sadvan tages . The ques t ion is based on e x t r e m e cases. A ha rmon ious supply m u s t 
be ensured . 
ВЕКЕ. J.: The sa tu ra t ion of t he soil wi th ni trogen is, in m y opinion, inadmissible b o t h fo r 
economic reasons and f r o m the po in t of view of soil physiology, env i ronmenta l p ro tec -
tion a n d p l an t protec t ion . Ni t rogen, which is a h ighly mobile e lement , becomes immobi le 
in such cases, and eventua l ly becomes bound to t h e base rock and is t h u s lost to the p l a n t . 
The process of mobi l izat ion should be enhanced in order t o m a k e the n a t u r a l 
nu t r i en t con ten t of t he soil available. 
F r o m the point of view of env i ronmenta l pro tec t ion s a tu r a t i on with n i t rogen 
is ex t remely h a r m f u l as it causes cat ion exchange and the consequen t leaching of 
t he cat ions . 
T h e soil t u r n s acid, the direct ion of h u m u s fo rmat ion changes , and in w a t e r a 
toxic min r i t level develops which causes au to t roph iza t ion . 
I t is also h a r m f u l f r o m the point of view of p l a n t pathology and p lan t p ro tec t ion , 
as it r educes the res is tance of the p lant . 
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Complex fer t i l izers should he p r o d u c e d wi th a r a t e of mobi l iza t ion w h i c h cor-
r e s p o n d s to the needs of t h e p lan t in t h e successive phases of d e v e l o p m e n t . 
BIZÁS, I . : A n a b u n d a n t s u p p l y of ni t rogen to p l a n t s m a y be ques t ionab le f r o m t h e po in t of 
view of p h y t o p a t h o l o g y a n d p lan t p r o t e c t i o n even if t h e p l a n t r e sponds to t h e increas ing 
r a t e s of n i t rogen f e r t i l i za t ion wi th larger y i e lds , and t h e q u a l i t y of the crop is n o t r educed 
below t h e level of u s e f u l n e s s either (e.g. a h igh n i t ra te c o n t e n t in vege tab les , e tc . ) . This 
is b e c a u s e the app l i ca t ion of larger a m o u n t s of nu t r i en t m a y involve an increase in t h e 
cos ts of p l a n t p ro t ec t ion . 
O n e of the causes of this, t h e suscep t ib i l i ty t o diseases , is a fa i r ly we l l -known 
f ac t . M u c h less cons ide r a t i on is given t o t h e f ac t t h a t t h e weeds also rece ive n u t r i e n t s 
w h e n fer t i l izers are a p p l i e d . I n a soil a b u n d a n t l y suppl ied w i t h n u t r i e n t s t h e weeds also 
d e v e l o p be t t e r , so it r e q u i r e s more e n e r g y t o overcome t h e m . This is no t dange rous , 
p r o v i d i n g t h a t the b i o m a s s of the c u l t i v a t e d p l a n t increases as a resul t of h ighe r r a t e s of 
n i t r o g e n fer t i l izat ion. I t m a y h a p p e n , h o w e v e r , t h a t t h e g iven a m o u n t of n i t rogen no 
longer increases the b i o m a s s of the c rop as i t falls w i th in t h e s a t u r a t i o n sec t ion of the 
a c t i o n c u r v e of n i t rogen fer t i l izer . At t h e s a m e t ime t h e w e e d p l an t s still r e s p o n d w i th 
an e x c e s s i v e increase of b iomass to t h e g i v e n a m o u n t of n i t r o g e n fer t i l izer ; t h e s a t u r a -
t ion p h a s e of their n i t r o g e n fer t i l iza t ion a c t i o n curve does no t begin un t i l v e r y large 
q u a n t i t i e s of n i t rogen h a v e been app l i ed . I n this case n i t r o g e n fe r t i l i za t ion forces t h e 
c u l t i v a t e d p lant to e n t e r i n to u n h e a l t h y c o m p e t i t i o n w i t h t h e weeds. 
T h u s , a dose of n i t r o g e n fer t i l izer , e v e n if it resu l t s in an increase i n t h e yield of 
high q u a l i t y crops, c a n o n l y be r e g a r d e d as o p t i m u m w h e n t h e increased cost of p lan t 
p r o t e c t i o n does not m a k e p roduc t ion u n p r o f i t a b l e . 
S ince the concep t of o p t i m u m r a t e of fer t i l iza t ion has been discussed in deta i l , 
1 will o n l y give a single e x a m p l e now t o s h o w a d i f fe ren t s i t ua t ion . 
I f , for example t h e r e is a shor t age of t h e given p r o d u c e while n i t rogen fer t i l izers 
and p e s t i c i d e s are ava i l ab l e in any a m o u n t , t h e n the o p t i m u m r a t e of n i t r o g e n fer t i l iza-
t ion is t h a t where p r o b l e m s of p lant p r o t e c t i o n which arise c a n still be so lved . 
DEBRECZENI, В . : The occasional p h y t o p a t h o l o g i c a l cases occurr ing in re la t ion w i th t h e n i t rogen 
level of t h e soil c a n n o t b e regarded as d a n g e r o u s . T o d a y , t h e d e v e l o p m e n t of in tens ive 
and inc reas ing ly successfu l chemical c o n t r o l a n d in t eg ra t ed p l a n t p ro tec t ion h a s r eached 
a p o i n t whe re p lant p r o t e c t i o n p rob lems no longer p r e v e n t ef f ic ient n i t r o g e n fer t i l iza-
t ion f r o m being ut i l i sed. 
GYŐRI, D. : I t h i n k a b u n d a n t n i t r o g e n app l i ca t i on is acceptable , as p l a n t s are u n a b l e t o build 
u p t h e i r organisms w i t h o u t n i t rogen. I t does not a lways increase the suscep t ib i l i ty of 
p l a n t s t o diseases e i t h e r ; t h e r e are d a t a t o prove t h e oppos i t e as well. A p p r o p r i a t e 
m e t h o d s of disease c o n t r o l can and m u s t be e l abora t ed , s ince high y ie ld ing in tens ive 
p l a n t v a r i e t i e s are m o r e suscept ib le t o i n f e c t i o n b y ce r ta in pa thogens , if only because of 
the d e n s i t y of the s t a n d . A reduc t ion in t h e r a t e of n i t rogen fer t i l i za t ion wou ld m e a n a 
dec rea se in the yield level . 
HARASZTI, E . : I t is A we l l -known f a c t t h a t t h e suscept ib i l i ty t o diseases of p l a n t s g rown 011 
soils r i c h in ni t rogen, or a b u n d a n t l y s u p p l i e d wi th n i t rogen , increases. I n sp i t e of th is 
I t h i n k t h a t a b u n d a n t N-fer t i l iza t ion is f u n d a m e n t a l a n d indispensable in in tens ive 
a g r i c u l t u r a l p roduc t ion . T o reduce t h e h a r m f u l effects , howeve r , in tens ive r e sea rch is 
r e q u i r e d in all fields r a n g i n g f rom i n v e s t i g a t i o n s on p l a n t phys io logy t o t h e b e t t e r 
k n o w l e d g e of the d e v e l o p m e n t and laws of res is tance , a n d t o t h e e s t a b l i s h m e n t of neu 
a g r o t e c h n i c s and p l a n t p r o t e c t i o n based o n p r even t ion . I n m y opinion, c o m p l e x fer t i l iza-
t ion , i n c l u d i n g cer ta in necessa ry mic roe l emen t s , will p lay a n i m p o r t a n t role in p r e v e n t -
ing or r e d u c i n g the h a r m f u l effects m e n t i o n e d . 
HARMATI, I . : I n m y opinion, a n a b u n d a n t s u p p l y of n i t rogen to the soil a n d t h e p l an t is 
d a n g e r o u s , for example f r o m the poin t of v i ew of p h y t o p a t h o l o g y and p lan t p r o t e c t i o n . 
In a g r o t e c h n i c a l e x p e r i m e n t s wi th w h e a t a close cor re la t ion was f o u n d b e t w e e n the 
e x t e n t of infect ion b y f u n g a l diseases, p a r t i c u l a r l y by p o w d e r y mildew, a n d t h e r a t e of 
n i t r o g e n fer t i l iza t ion, t h a t is, t he l a rger t h e a m o u n t of n i t rogen app l i ed , t h e more 
s u s c e p t i b l e the whea t v a r i e t y and the d e n s e r the s t a n d , t h e g rea te r was t h e e x t e n t of 
i n f e c t i o n . This o f ten led t o lodging and g r a i n shrivell ing. Inc reased care m u s t be t a k e n 
in s u p p l y i n g nitrogen t o w h e a t var ie t ies w h i c h are p a r t i c u l a r l y suscept ib le t o diseases. 
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Thi s h a r m f u l e f f e c t of n i t rogen can he m i t i g a t e d by o p t i m u m ra tes of f e r t i l i z a -
t ion , b y es t ab l i sh ing a p r o p e r r a t io of N P K in t h e soil, a n d by d i v i d e d fert i l izer a p p l i c a -
t i on a d a p t e d to t h e n i t r o g e n u p t a k e of t h e p l a n t s . 
I t shou ld be n o t e d , however , t h a t t h e c o n c e p t of m u c h or l i t t l e n i t rogen is con -
s ide rab ly in f luenced b y t h e p r ec ip i t a t i on c o n d i t i o n s . 
I n l o n g - t e r m f e r t i l i z a t i o n e x p e r i m e n t s an excess of n i t r o g e n in t he soil a n d a n 
i nco r r ec t N P K ra t io were f o u n d to resul t in a m o r e r ap id m u l t i p l i c a t i o n of so i l -borne 
pes ts . Th i s m a y be t h e source of f u r t h e r ser ious d a m a g e which ra i ses t h e cost of p l a n t 
p r o t e c t i o n . S t a t e m e n t s of th i s k ind h a v e no t b e e n e n c o u n t e r e d in t h e l i t e r a tu re so f a r . 
A n excess of n i t r o g e n in t h e soil m a y h a v e f u r t h e r h a r m f u l e f fec t s : 
— T h e p l an t s m a y c o n t a i n a d a n g e r o u s a m o u n t of N 0 : i . 
— T h e root s y s t e m will be smal ler . 
T h e v e g e t a t i o n per iod will be p ro longed . 
P r o b l e m s of e n v i r o n m e n t a l p r o t e c t i o n m a y occur : t h e n i t rogen c o n t e n t s of 
r un -o f f a n d g r o u n d w a t e r s m a y increase . 
S ince n i t rogen is t h e m o s t i m p o r t a n t p l a n t n u t r i e n t , it is v e r y i m p o r t a n t to u se i t 
in t h e r i g h t a m o u n t s a n d in t h e correc t d i s t r i b u t i o n if large y ie lds a re t o be a t t a i n e d . 
H o w e v e r , t h e o p t i m u m r a t e of n i t rogen f e r t i l i z a t i on c a n only be d e t e r m i n e d a p p r o x i m -
a te ly , as it d e p e n d s on t h e m o i s t u r e c o n t e n t of t h e soil as well as o n t h e n i t rogen r e q u i r e -
m e n t of t h e p l a n t . T h e e f f i c i ency of t h e n i t r o g e n is g r ea t l y i n f l uenced b y t h e w a t e r l eve l 
of t h e soil. T h e o p t i m u m a m o u n t of n i t rogen is lower in mois t soils a n d higher in d r y 
ones. T h u s , if t h e n i t r o g e n c o n t e n t of t h e soil is h igh , g rea t d a m a g e can be done t o t h e 
w h e a t in a r a i n y pe r iod . So t h e a m o u n t of n i t r o g e n t o be appl ied shou ld be d e t e r m i n e d 
on t h e bas i s of t h e r e q u i r e m e n t of t h e p l a n t , t h e so luble N - c o n t e n t of t h e soil a n d t h e 
w a t e r c o n t e n t of t h e soil. W h e n t h e soil is s o a k e d w i t h w a t e r t o a d e e p e n o u g h level , a n d 
c o n t a i n s n i t r o g e n in q u a n t i t i e s exceed ing t h e t o t a l n i t rogen r e q u i r e m e n t of t he w h e a t , 
t h e n f u r t h e r t o p d ress ing shou ld no t be ca r r i ed o u t , a t least no t u n t i l t h é p l a n t b e g i n s 
t o shoo t . I t h i n k it e x p e d i e n t t o app ly 50 — 6 0 % of t h e necessary a m o u n t of n i t rogen in 
t he a u t u m n , in t h e f o r m of bas ic fe r t i l i za t ion . T h e r e s t should be d i s t r i b u t e d in t he s p r i n g 
in t h e f o r m of t o p d ress ing on one or t w o occas ions , acco rd ing t o t h e n i t rogen a n d w a t e r 
c o n t e n t of t h e soil, t h e n i t r o g e n - s u p p l y i n g c a p a c i t y of t h e soil, a n d t h e d e v e l o p m e n t of 
t he w h e a t . 
HuSTI, M.: T h e a m o u n t of n i t r o g e n to be suppl ied t o t h e soil is d e t e r m i n e d b y t h e soil i tself , t h e 
c l ima te a n d t h e r e q u i r e m e n t s of t h e p l a n t . If t h e r e is a n a b u n d a n t n i t rogen s u p p l y t h e 
disease r e s i s t a n c e of t h e p l a n t s is r educed a n d t h e i r suscep t ib i l i ty increases , so t h e e x -
cessive a p p l i c a t i o n of n i t r o g e n m u s t be avo ided . W h e n n i t r o g e n is supp l ied a b o v e t h e 
r e q u i r e d a m o u n t t he q u a l i t y of some crops d e t e r i o r a t e s (e.g. s u g a r - b e e t , spr ing b a r l e y ) . 
The n i t r o g e n d e m a n d va r i e s w i t h t h e d e v e l o p m e n t p h a s e s of t h e p l a n t . A knowledge of 
th is is v e r y i m p o r t a n t if n i t r o g e n is to be s u p p l i e d economica l ly b u t n e v e r t h e l e s s 
successfu l ly . N i t r o g e n a p p l i c a t i o n in i so la t ion f r o m o t h e r macro - a n d m i c r o e l e m e n t s is 
no t e x p e d i e n t . 
K i s s , A. S.: N i t r o g e n fe r t i l i za t ion is ind i spensab le . As r e g a r d s t h e r e l a t i o n s h i p b e t w e e n t h e 
disease r e s i s t ance of p l a n t s a u d t h e r a t e of n i t r o g e n fe r t i l i za t ion t h e l i t e r a ry d a t a a r e 
c o n t r a d i c t o r y . On t he bas i s of ou r e x p e r i m e n t a l r e s u l t s I a m of t h e op in ion t h a t e v e n a 
high r a t e of n i t rogen f e r t i l i z a t i on , w h e n it is c o m b i n e d w i th p h o s p h o r u s , p o t a s s i u m , 
m a g n e s i u m a n d v a r i o u s mic roe l emen t s , will i nc r ea se disease r e s i s t a n c e r a t h e r t h a n 
decrease i t . O n these g r o u n d s I a m all for a h igh r a t e of n i t rogen f e r t i l i za t ion p r o v i d e d it 
is app l i ed in p r o p o r t i o n w i t h o t h e r n u t r i t i v e e l e m e n t s . 
K i s s , Â.: An excess ive s u p p l y of n i t r o g e n to t h e soil c a n n o t be a p p r o v e d of because of t h e 
p h y t o p a t h o l o g i c a l a n d p l a n t p r o t e c t i o n p r o b l e m s t h i s raises. I n a d d i t i o n , i t is h a r m f u l 
f r o m t h e po in t of v iew of e n v i r o n m e n t a l p r o t e c t i o n . O n s a n d y soils excessive n i t r o g e n 
fe r t i l i za t ion r ep re sen t s a ser ious d a n g e r t o h u m a n a n d a n i m a l l ives because of t h e h i g h 
n i t r a t e a n d n i t r i t e c o n t e n t of t h e d r i n k i n g w a t e r . 
KOLTAY, A.: A n a b u n d a n t s u p p l y of n i t rogen alone to t h e soil and p l a n t is k n o w n t o inc rease 
the suscep t ib i l i t y of t h e p l a n t to diseases, d e t e r i o r a t e t h e q u a l i t y (especia l ly in t he case 
of i n d u s t r i a l crops) , a n d cause lodging , t h u s l e a d i n g t o yield losses in cereals. A t t h e 
same t i m e , a n a d e q u a t e level of n i t rogen t h r o u g h o u t t h e g r o w t h season has a dec i s ive 
role, so n i t r o g e n m u s t be app l i ed w i th t h e g r e a t e s t possible a c c u r a c y in a m o u n t s c o v e r -
ing t h e r e q u i r e m e n t of t h e c rop . I n d e t e r m i n i n g t h e economica l r a t e of fe r t i l i za t ion t h e 
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ni t rogen-supplying c a p a c i t y of the soil, t h e pre-crop and t h e possible a f t e r -e f fec t of 
fer t i l izers previously p loughed into the soil m u s t be t aken in to considerat ion, as well as 
the r e q u i r e m e n t of the p l a n t . 
KOVÁTS, A.: N o categorical answer can be given t o t h e quest ion, if for no other reason t h a n t h a t 
the t e r m a b u n d a n t supp ly m a y be used t o m e a n either a too high or a suff ic ient r a t e of 
n u t r i e n t applicat ion. I t should be men t ioned t h a t ni trogen p lays a very i m p o r t a n t role 
in d e t e r m i n i n g the size of yield, though t h e significance of a ha rmon ious n u t r i e n t supply 
should also be emphas ized . In some crops t h e overappl ica t ion of ni t rogen has an un-
f a v o u r a b l e effect on t he qua l i ty (e.g. m a l t i n g barley, sugar-beet , f ibre crops, etc .) , while 
in o t h e r s an a b u n d a n t supp ly of n i t rogen improves the qua l i ty (e.g. whea t ) . I n green 
fodder c rops and vege tab les it may cause an unfavourab le n i t r a t e accumula t ion . A high 
ra te of n i t rogen fer t i l iza t ion is not des i rable f rom the po in t of view of env i ronmen ta l 
p ro tec t ion either. I t m u s t be emphas ized , however , t h a t w i t h o u t a p roper supp ly of 
n i t rogen sat isfactory yie lds cannot be expec t ed , so crops w i t h high n i t rogen require-
men t s m u s t continue t o be supplied wi th t h i s nu t r i en t even if t he re are rese rva t ions f rom 
the p o i n t of view of p l a n t protec t ion . L a r g e r yields call for due p repara t ions on t he pa r t 
of p l a n t protect ion expe r t s . 
KÜKEDI, E . : A n abundan t supp ly of nitrogen t o t h e soil, as long as i t is economical , is jus t i f ied 
f r o m t h e point of view of p h y t o p a t h o l o g y a n d plant p ro tec t ion , provided a parallel , 
h a r m o n i o u s replacement of phosphorus a n d potass ium is also ensured. Di sp ropor t iona te 
ra tes of ni trogen, on t he o the r hand , are unaccep tab le for va r ious reasons. A n excess of 
n i t r ogen increases t he susceptibi l i ty of t h e p l a n t to diseases. F r o m research resul t s and 
p rac t i ca l experience i t is known t h a t t h e degree of infect ion b y Erysiphe graminis DC 
f. sp. tritici Marchai, Cercosporella herpotrichoides Fron. , Fusarium spp. a n d Puccinia 
spp. is subs tant ia l ly g r ea t e r in such cases t h a n when the p l a n t s are given a ba lanced 
supp ly of N P K . 
There are also o t h e r d i sadvantages of an overappl ica t ion of ni t rogen: i t increases 
the l i ab i l i ty of cerals t o lodge, makes mechan ica l harves t ing diff icul t , and even renders 
the economic efficiency of fert i l izat ion quest ionable . Excess ive ni t rogen fer t i l iza t ion 
reduces t h e sugar c o n t e n t of sugar-beet a n d the s torabi l i ty of po ta toes and of m a n y 
o ther hor t icu l tura l crops. 
Safe rates of n i t rogen and their l imi t s are diff icul t to determine, as t h e y are 
in f luenced by many f ac to r s . For the t w o m o s t impor t an t f ield crops in H u n g a r y (wheat 
and ma ize ) rough va lues can nevertheless be given. In w h e a t , for example t h e present 
u p p e r l imi t is about 150 - 1 6 0 kg/ha n i t rogen . And on v e r y dry areas, a f t e r pre-crops 
wi th un favourab l e a f te r -e f fec t s , which l eave a large mass of roots behind , in variet ies 
wi th h i g h s tandabi l i ty , which are less inc l ined to lodge and less susceptible t o diseases 
the u p p e r limit is 180 kg /ha . 
I n maize grown on chernozem- type soils the p resen t l imit is a b o u t 160—180 
kg /ha . Fo r record yields as much as 200 — 220 kg/ha n i t rogen active agent can be dis-
t r i b u t e d , provided a paral le l , ha rmonious P K supply is also ensured. 
All in all, an a b u n d a n t ni trogen s u p p l y is advan tageous , bu t one-sided, excessive 
n i t rogen fert i l ization is, fo r various reasons , ha rmfu l . 
LÁNG, G.: E x p e r i m e n t a l resu l t s show t h a t n i t rogen fert i l izat ion is t h e most economical when 
the d e m a n d of the p l an t for this n u t r i e n t is opt imal ly sat isf ied. An a m o u n t of ni t rogen 
in excess of this is usua l ly unnecessary was t age , and may even cause a depression in the 
y ie ld . T o supply less t h a n t h a t , on t h e o t h e r hand , is no t expedien t because t h e n the 
m a n i f e s t a t i o n of o ther yield de t e rminan t s is prevented and t he yield will be lower t h a n 
o p t i m u m , whereby t he cost per uni t p r o d u c t will increase. T h e op t imum sa t i s fac t ion of 
the n i t rogen demand of p l an t s very o f t e n increases their sensi t iv i ty to the env i ronmen t 
( d r o u g h t , diseases and pests , etc.); i n t ens ive ni trogen fer t i l izat ion mus t the re fore be 
c o m b i n e d with t h o r o u g h disease control a n d the applicat ion of cul tural prac t ices sui table 
for r e d u c i n g the adverse effects of e n v i r o n m e n t a l factors . 
LŐRINCZ, J . : T h e opt imum cu rve can be inf luenced by m a n y fac to rs . This m a y af fec t the daily 
pr ice t r e n d , which m a y , however, be s igni f icant ly changed b y the so i l -p lan t -nut r ien t 
level. T h e nitrogen s u p p l y of the soil in H u n g a r y is a n y t h i n g bu t a b u n d a n t . Di f fe ren t 
species and varieties h a v e widely d i f fer ing ni t rogen r equ i remen t s , b u t wi th a low nitro-
gen level large yields are inconceivable. Qua l i t y is ano ther quest ion. If qua l i ty replaces 
q u a n t i t y as the basis of acceptance, a n d t h u s of prof i tabi l i ty , t hen it m a y easily become 
Acta Agronomica Academiae Scientiarum Hungaricae 29, 1980 
F O R U M 1 5 7 
possible t o reduce the r a t e of nitrogen app l ica t ion . The response of the plant to n i t r ogen 
fer t i l iza t ion can be changed by breeding, b u t a higher ra te of n i t rogen supply need no t 
be fea red due to the increased plant n u m b e r per hectare a n d t h e expected q u a n t i t y of 
yield e i ther . 
MIHÁLYFALVY, I.: Apar t f r o m o the r aspects, a b u n d a n t ni trogen appl ica t ion is d a n g e r o u s 
because i t resul ts in wa t e r (above all in d r i n k i n g water) pol lu t ion . Owing pa r t ly t o t h e 
na tu r a l , b u t more pa r t i cu l a r ly to the m a n - m a d e circulation of wa te r , water po l lu t ion 
and t h e need for eff ic ient protect ion agains t it is becoming a more and more u r g e n t 
p rob lem. The various con tamina t ing agen ts which get in to sur face waters u p s e t t h e 
biological equil ibr ium a n d des t roy aqua t ic organisms, t he reby robbing them of t he i r 
abil i ty for self-purif icat ion. Contamina t ion p r imar i ly t h r ea t ens t h e water in reservoi rs , 
bu t ha s o ther consequences as well. In f a r t h e r reaches of t he given waterway t h e con-
t a m i n a t i o n dis turbs t he w a t e r supply of t h e popu la t ion , i ndus t ry a n d agricul ture al ike. 
MOLNÁR, F. : P resen t fer t i l izat ion pract ice and l ong - t e rm fert i l izat ion exper iments p rove t h a t 
the a m o u n t of ni t rogen w h i c h can be appl ied de termines t he a t t a inab l e yield in a l m o s t 
all c rops t o about 7 0 % . Therefore , ni t rogen m u s t definitely be supplied up to t h e opt i -
m u m level of ni trogen ut i l iza t ion . 
An overappl ica t ion of nitrogen may be h a r m f u l in cer ta in crops. Personally I h a v e 
observed th i s mainly w i t h w h e a t and sunflower. These plants respond to excessive n i t rogen 
fer t i l iza t ion with reduced disease resistance; lodging and the consequent appea rance of 
var ious fung i occur in w h e a t (Ophiobolus graminis, Cercosporella herpotichoides, Fusa-
rium sp. , etc.) . In sunf lower deficient seed se t t i ng and var ious diseases are encoun te red 
(Botritis cinerea, Plasmopara halstedii). I n o the r field crops t h e overappl ica t ion of 
n i t rogen is not dangerous , as for as I can see; in d roughty yea r s i t may even h a v e a 
posit ive effect . Owing to t h e physical s ta te , t h e f o r m of packing a n d the d i s t r ibu tab i l i ty 
of t he ni t rogen ferti l izers available at p r e sen t and to the poor qual i ty of H u n g a r i a n 
fert i l izer d is t r ibutors ce r t a in pa r t s of the topsoi l do not receive suff ic ient ni t rogen. Th i s 
causes a reduc t ion in yie ld , thereby causing grea te r damage t h a n excessive n i t r ogen 
fer t i l iza t ion could cause. 
I n 1978 a higher r a t e of nitrogen u t i l i za t ion in the f o r m of complex fer t i l izer 
(15 : 15 : 15) did not cause lodging in w h e a t ; t h e hl-weights of our wheats (Libel lu la . 
Jub i l e inaya , Novosadska R a n a , MV 4) was highly favourab le , and harves t ing was 
comple ted wi thout loss in spi te of the u n f a v o u r a b l e weather condi t ions. 180 k g / h a fer-
tilizer w i t h the above composi t ion was appl ied in the fo rm of t o p dressing, a n d th i s 
a m o u n t ensured 5 t o 7 q / h a surplus yields compared to t h e control , a t a yield level 
of 58 q /ha . 
MOLNÁR, J . : T h e economicalness of nitrogen app l ica t ion mus t not be j u d g e d in isolation f r o m 
P , 0 5 a n d K , 0 . Fer t i l iza t ion in Hungary is m a i n l y character ized b y an over-appl ica t ion 
of n i t rogen , or an insuff ic ient supply of p o t a s s i u m and phosphorus to the soil. A n ab-
solute or even relat ive overdominancc of n i t r ogen makes the p l a n t susceptible t o p a t h o -
gens, wh ich impairs t he q u a l i t y of the crop a n d m a y cause considerable yield losses too . 
Suscept ibi l i ty t o p a t h o g e n s appears as an adverse effect of an excessive n i t r o g e n 
supply . I n pract ice on t h e Bácsalmás S ta te F a r m , for example , a 1 : 1 ; 1 N P K r a t i o is 
considered desirable in w h e a t product ion. A n excess of n i t rogen in wheat involves a 
greater danger of powdery mildew and F u s a r i u m infection. T h e Bácsalmás Sun f lower 
P roduc t i on Sys tem sets ou t a 1 : 2 : 2 r a t io for sunflower, a n d in sunflower seed pro-
duct ion ni t rogen is not used a t all. This t echno logy takes into considerat ion the f a c t t h a t 
sunf lower is highly suscept ib le to pa thogens ; res i s tan t var ie t ies a n d active p l an t p ro-
tec t ion m e t h o d s are not k n o w n . 
NYÉKI, J . : The re is no doub t t h a t t he growth of p l a n t s can be inf luenced most eff ic ient ly b y 
ni t rogen fert i l izat ion. I t is a well known f a c t t h a t nitrogen appl ied in excess has a v e r y 
adverse ef fec t on the va lue of t he components , par t icular ly in crops producing r o o t s or 
tubers ful l of juice. E c o n o m i c calculations p r o v e t h a t the abso lu te weight increase does 
not give unambiguous ly f avourab le results. 
T h e losses, p rov ided t he crops are e v a l u a t e d by qua l i ty , are par t ly felt on t h e 
fa rm itself (lower del ivery price, increased cos ts of t ranspor t ) , b u t a t a national e c o n o m y 
level t h e y are felt in i n d u s t r y too, since t he m a n u f a c t u r i n g costs rise. 
The re is, however , another danger which is not considered very seriously a t 
present . W i t h an overappl ica t ion of n i t rogen N 0 3 may be incorpora ted into the p l a n t s 
causing serious problems in h u m a n s and an ima l s alike. 
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PAIS, I.: I cons ide r t h a t an a b u n d a n t supply of n i t r ogen in the soil is h a r m f u l not only f r o m 
the p o i n t of view of p h y t o p a t h o l o g y and p l a n t protect ion b u t also as regards envi ron-
menta l pol lu t ion and economy . I feel t h a t a " l u x u r i o u s " supply of any nu t r i en t t o t he 
soil is uneconomica l and general ly incorrect . 
PECZNIK, J . : I t is a well k n o w n f a c t t h a t n i t rogen is a component of organic c o m p o u n d s 
of v i t a l impor t ance (pro te ins , nucleic acids, chlorophyl l , etc.), a n d t he available n i t rogen 
con ten t of t h e soil is o f t en a l imit ing fac to r in yield format ion . T h e his tory of E u r o p e a n 
agr icu l tu re proves t h a t a subs tan t i a l increase in the yield averages of crop p r o d u c t i o n 
has only ever occurred w i t h ni t rogen a d d e d t o t h e nut r ient t u r n o v e r of the f a r m f r o m 
ex te rna l sources ( through t h e product ion of papil ionaceous crops or the u t i l i za t ion of 
n i t rogen fertilizers). An a d e q u a t e ni t rogen level in the soil is still one of the m o s t im-
p o r t a n t , t h o u g h na tura l ly no t the only, p recondi t ion for a t t a i n i n g large yields. T h e 
physiological balance b e t w e e n plant n u t r i e n t s is a concept wh ich has been k n o w n and 
used fo r a long t ime, b u t i t has still not b e e n sat isfactori ly a d a p t e d to actual site con-
dit ions a n d crops. There c a n be no doubt t h a t a b u n d a n t one-sided ni t rogen fer t i l i za t ion 
may r e s u l t in harmfu l consequences: the r e s i s t ance of the loose t i ssues t o pests decreases , 
and in s o m e cases t he chemica l composi t ion of the crop unde rgoes an u n f a v o u r a b l e 
change (e.g. the sugar c o n t e n t of sugar-beet m a y be reduced, n i t r a t e may a c c u m u l a t e 
in t he p l a n t s , etc.). The lower resistance of t h e p lan ts involves increased p lan t p ro t ec -
tion, genera l ly a higher r a t e of pesticide app l i ca t ion which, owing t o pesticide res idues , 
raises p r o b l e m s in the f ie lds of env i ronmen ta l pollut ion, feeding and nut r i t ion . 
T h e use of un reasonab ly large v o l u m e s of nitrogen fer t i l izer may in itself cause 
e n v i r o n m e n t a l pollution (e.g. n i t ra tes are w a s h e d into the g r o u n d w a t e r or carr ied in to 
na tu ra l su r face waters due t o erosion, etc.) . O u r own inves t iga t ions have proved t h a t if 
the p l a n t s are analysed t h e o p t i m u m n i t rogen level can be d e t e r m i n e d t o a good approx i -
m a t i o n . I n exper iments w i t h wheat , for e x a m p l e , a negat ive correlat ion was f o u n d 
be tween t h e ni t ra te c o n t e n t of the w h e a t grain and t he q u a n t i t y and qua l i t y of 
the y ie ld . 
PETRASOVITS, I . : B o t h H u n g a r i a n a n d in te rna t iona l experiences p rove t h e generally o u t s t a n d -
ing role of ni trogen fe r t i l i za t ion . Never the less , in many cases an a b u n d a n t n i t rogen 
supply c a n n o t be judged on ly f rom a phy topa tho log ica l or p l an t p ro tec t ion point of view. 
I t m a y be dangerous, permissible or r i g h t , depending, a m o n g o thers things, on t he 
va r ie ty , t h e product ion a ims , t he level of p l a n t protect ion, a n d f ina l ly on the numer ica l 
value of t h e " a b u n d a n t s u p p l y " . 
POZSÁR. В.: A b e t t e r knowledge of yield componen t s m a y result in t h e improved convers ion of 
n i t rogen ferti l izers w i thou t increasing t he deg ree of pathological damage . For e x a m p l e , 
when CCC is supplied t he y ie lds of whea t a n d bar ley can be increased by ano the r 3 0 % , 
wi thou t a n y significant g ra in loss at h a r v e s t i n g due to the h igher r a t e of n i t rogen fer-
t i l iza t ion. Ammonium n i t r a t e should be r ep laced by ca rbamide or ammonia as soon as 
possible because of the h a r m f u l effect of n i t r a t e . Ni t ra te and n i t r i t e levels are dange rous 
because of their toxic e f fec t on humans r a t h e r t han due to t h e increased pa tho log ica l 
suscept ib i l i ty they induce in plants ; the l a t t e r can gradually be corrected by b reed ing 
for r e s i s t ance and using u p - t o - d a t e fungicides . 
SEMJÉN, I.: U n d e r Hungar ian condi t ions ni t rogen fer t i l izat ion is t h e p r i m a r y d e t e r m i n a n t of 
yield. T h e soils of our f a r m are well suppl ied wi th phosphorus , potass ium a n d micro-
e lements fo r quite a long t i m e ahead, as t h e y h a v e been s a t u r a t e d wi th these n u t r i e n t s . 
Ni t rogen canno t be supplied in quant i t ies wh ich are sufficient for a long period, b u t even 
in the s h o r t term the q u a n t i t y applied, t h e d a t e and m e t h o d of applicat ion a n d t h e 
physical s t a t e of the n i t rogen fertilizer are, l ike o ther p roduc t ion a n d na tura l condi t ions , 
d e t e r m i n a n t s of the q u a n t i t y and qual i ty of y ie ld . 
T a k i n g all this i n to considerat ion, I t h i n k it is i m p o r t a n t to supply t h e p l a n t 
with su f f i c i en t nitrogen t o safe ly cover its needs , even if this m e a n s t h a t its suscept ib i l i ty 
to disease will increase. I n t h e la t ter case increased a t t en t ion should be paid to p l a n t 
p ro tec t ion . Greater care m u s t be t aken in choos ing the variet ies t o be grown so t h a t t h e y 
should be res is tant , or a t leas t to lerant t o va r ious fungal diseases, Fusarium, e tc . If 
plant p r o t e c t i o n is p roper ly organized m o r e ser ious damage can be prevented t o d a y in 
most cases , because be t t e r a n d be t te r chemicals , a i rcraf t and hel icopters are all ava i lab le , 
and a re ex t remely useful w h e n handled b y exper t s . 
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More and more p lan t variet ies are avai lable to t h e f a rmer , which, if t h e y are not 
res i s tan t , are a t least to lerant to diseases, provided p l a n t protect ion regu la t ions are 
s tr ict ly observed . 
Thus , n i t rogen fertil izers should be used in quan t i t i e s which will p roduce maxi-
m u m yields even if this involves an increase in p l a n t protect ion costs a n d requires 
grea te r care in choosing the variet ies t o be grown, because these l a t t e r a re n o t in pro-
por t ion w i t h t h e greater p roduc t ion va lue , i.e. t h e h igher re turns , which c a n t h u s be 
achieved. 
SHMILLIÁR, M.: Excess ive one-sided ni t rogen fer t i l iza t ion involves a great r isk, or m a y even be 
said to be h a r m f u l . Ye t , when n i t rogen is supplied in t h e proper ra t io i t is of ve ry great 
impor tance . A h e a l t h y , well developed, h u t not overgrown, p lant has a higher yield 
abi l i ty t h a n p l a n t s wi th average or poor deve lopment . This s t a t emen t also applies to 
those crops whose belowground yields are of p r ima ry impor tance . The p l a n t protect ion 
aspect of t he ques t ion is less s ignif icant t h a n it was before , as the high level of disease 
control and t he mu l t i t ude of pest icides offer wide possibilities for keep ing t he crops 
hea l thy . 
SZÁLAI, GY.: The n i t rogen supply should be increased as long as i t results in a yield increase. 
As soon as i t no longer increases t he yield owing to t h e decreased res is tance of the crop 
t o diseases, t he r a t e of ni trogen fer t i l i za t ion should be reduced . Ano the r aspect of the 
quest ion is t he role of res is tant var ie t ies , which assume greater impor t ance as fertilizer 
u t i l iza t ion is increased and render i t possible t o use la rger doses of n i t rogen . 
SZALAY, S.: A r a t e of fer t i l izat ion far above t h a t requi red for a balanced supp ly of nu t r ien t s 
canno t be a p p r o v e d of for b o t h energet ic a n d o ther reasons . On t he o t h e r h a n d , the 
nu t r i en t s e x t r a c t e d b y the crops in each vege ta t ion per iod mus t def ini te ly be replaced. 
However , no t only ni t rogen, po tas s ium a n d phosphorus should be cons idered , bu t in 
t he case of poorer soils magnes ium, ca lc ium and su lphur should also be rep laced as well 
as t he mic ronu t r i en t s , where th is is necessary. 
SZENICZEY, Cs.: Excess ive ni t rogen appl ica t ion is a l ready a c u r r e n t problem. T h e loose tissues 
of an " o v e r f o r c e d " p lan t are phy topa tho log ica l ly suscept ible . The t roub les caused b y a 
one-sided a b u n d a n c e of ni t rogen are r a p i d l y accumula t ing . 
The super f luous use of n i t rogen a n d t he increasing costs of p l an t p ro tec t ion in-
volve e x t r a expenses . P ro t rac ted ha rves t i ng due to de layed ma tu r ing causes consider-
able losses, p rob l ems related wi th feeding become grea te r , and the loss d u r i n g storage 
increases b y leaps a n d bounds . 
SZÉKESSY-HERMANN, V. — FAZEKAS, S.: An a b u n d a n t supply of ni t rogen t o t he soil is, in our 
opinion, dangerous , not only for t he reasons men t ioned , h u t also because i t upse ts the 
s tabi l i ty of t he ecological sys tem in t h e soil, which sooner or la ter resu l t s in a yield 
depression. I t is pe rhaps an even m o r e serious a r g u m e n t t h a t p lan t s g rown on such 
soils m a y be h a r m f u l to the animals t h a t feed on t h e m , a n d directly or ind i rec t ly to man . 
There have been examples in H u n g a r y of exper t , excessive appl icat ions of fertil izers 
having an adverse effect on the m a r k e t a b i l i t y of t he p roduc t (e.g. in app le growing). 
TOMPA, GY.: The p l an t , like any living organism, canno t exis t w i thou t n i t rogen, as the la t te r 
fo rms an indispensable pa r t of all i t s p ro te in - type compounds (enzymes , v i tamins , 
chlorophyll molecules). 
The p l an t gives clearly visible signs of n i t rogen deficiency. The leaves t u r n yellow, 
t he vege ta t ive organs remain unde rdeve loped , and if t h e ni t rogen shor tage increases it 
may result in t h e dea th of the p lan t . 
The p l a n t s respond quickly w h e n ni t rogen is suppl ied , since the incorpora t ion of 
ni t rogen occurs rap id ly and has a m o r e conspicuous ef fec t t han t h a t of e i ther P 2 0 5 
or K 2 0 . 
I t is t h u s obvious t h a t t he n i t rogen supply is a v e r y impor tan t c r i te r ion of agri-
cu l tura l p roduc t ion and is indispensable in p r o g r a m m e s re la ted with increases in yield. 
W h a t f r e q u e n t l y causes p rob lems is the incorrect pract ice of supp ly ing t he plants 
wi th too m u c h ni t rogen a f te r the ini t ial phase of deve lopmen t as a consequence of one-
sided ni t rogen fer t i l izat ion. Due t o t h e d i s tu rbance of t he nu t r ien t b a l a n c e var ious 
phy topa tho log ica l problems arise, because t he sudden g rowth of the v e g e t a t i v e organs 
resul ts in the loosening of the t issues. 
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The ef fec t of one-sided, excessive nitrogen fer t i l iza t ion is felt even in the soils, 
because a cons iderable proport ion of t h e soils in H u n g a r y are poor in phosphorus , and 
in t he absence of phosphorus n i t rogen alone is not able to increase the yield. 
I t is t h e r e f o r e evident t h a t n i t rogen mus t a lways be supplied is such a way as to 
m a i n t a i n the n u t r i e n t balance. 
Tl LCZ, I . : I th ink it is v e r y misguided t o give priori ty to phytopa thologica l a n d p lan t protec" 
t i on aspects over n i t rogen fer t i l iza t ion. The ques t ion of ni t rogen fer t i l iza t ion has o f ten 
been discussed l a t e ly f rom this po in t of view. I a m convinced t h a t we use less t h a n t he 
prac t icable a m o u n t s of nitrogen fer t i l izer precisely because of such opinions. 
I t c anno t be emphasized t o o o f t en t h a t u n d e r t h e dry c l imate of H u n g a r y a 
h igher ra te of n i t r o g e n ferti l ization is of increased impor tance . 
I t is u p t o t h e breeders to p r o d u c e variet ies r e s i s t an t to diseases a n d b o t h to le ran t 
a n d responsive t o large amounts of n i t rogen. 
I t is t he t a s k of plant p ro t ec t i on to develop t h e r ight technology for f igh t ing 
off p lan t diseases. 
To sum u p , I a m all for an a b u n d a n t n i t rogen supp ly and th is view is conf i rmed 
b y fa rming exper ience over the las t f ew years, when , in spi te of the d ry wea the r , we had 
larger yields t h a n o t h e r farms due t o t he higher r a t e of ni trogen fer t i l izat ion. 
* 
PÁL, GY.: As a result of intensive agr icul tura l cultivation 50 q / h a maize (calculated in shelled 
May corn) and 35 — 40 q/ha wheat a r e harvested in H u n g a r y on a na t ional average, and 
wi th these yields l a rge quantities of microelements ( F e , Mn, Cu, Zn, Mo, B, Co, Si, C I - ) 
a r e also removed f r o m the fields. U n d e r the geographical and geological conditions in 
H u n g a r y , do you t h i n k that shor tage of microelements need not be reckoned with, or 
t h a t af ter some t i m e a deficiency m a y occur, or t ha t they should already be replaced in 
t h e soil or t h r o u g h t he leaves of t he p lan t s? 
Acs, A.: There is indeed , a danger t h a t overdoses of mac ro nu t r i en t s (N, P, K ) will upset t he 
n u t r i e n t balance of t he soil and r e su l t in an absolu te , a n d more p robab ly in a re la t ive 
r educ t ion in t h e a m o u n t of microe lements . As a consequence, there m a y be a sha rp 
decrease in t he level of microelements in the soil, a n d a change in t h e chemical com-
posi t ion of the p l a n t s may also occur . This change in composition m a y d i s tu rb t he 
physiology of t h e p l an t s , and when t h e p lan t s are used for nutr i t ional purposes (as food 
or fodder) this m a y give rise to "de f i c i ency diseases". T h u s in order to endure a proper 
ba lance , the microe lements should def in i te ly be rep laced , either in t he soil or t h r o u g h 
t h e leaves. F u r t h e r research work is needed to de t e rmine the microelement r equ i remen t 
a n d the me thod of appl icat ion for e a c h crop. 
BARACS, J . : In soils f o r m e d on loess as base rock in B a r a n y a coun ty no pa r t i cu la r decrease in 
t h e microelement con t en t has been observed; mic roe lement deficiency is of increased 
impor t ance in t h e case of sandy a n d clayey soils, because of its inf luence on the yield. 
There is ev idence t h a t a r egu la r appl icat ion of organic m a n u r e p reven t s any 
essential decrease in t he microelements . Microelement deficiencies m u s t , however , be 
reckoned with in m e a d o w and p a s t u r e fa rming . I n th i s con t ex t I suggest t h a t the screen-
ing tes ts carr ied o u t a t the Agr icu l tu ra l College in Kaposvá r should be t aken in to 
considerat ion. 
BAUER, F . : Wi th large yie lds and the s u b s t i t u t i o n of fer t i l izers for f a r m y a r d manure t he 
occurrence of mic roe lement deficiencies mus t be r e c k o n e d with. The d e t e r m i n a t i o n of 
t h e necessary a n d economical e x t e n t of microelement rep lacement is p r imar i ly , however , 
a research t a sk . P r i o r i t y should be g iven to inves t iga t ions which will provide reliable 
in fo rmat ion on t h e ex ten t of t h e deficiency of each microelement requi red for t h e 
ba lanced nu t r i t i on of p lan ts and t h e increase of yield averages . This is necessary because 
t h e scientific f o u n d a t i o n of p lan t n u t r i t i o n wi th t h e microelement m i x t u r e s cur ren t ly 
avai lable leaves m u c h to be desired. 
ВЕКЕ, F . : The r e p l a c e m e n t of microe lements is now becoming topical. F a r m s which have 
ha rves t ed large y ie lds for m a n y y e a r s have a l ready realized the necessi ty of micro-
e l emen t r ep l acemen t . The role of t h e meso-elements is also becoming more a p p a r e n t , as 
t h e supply of t hese is also decreasing in certain soils. 
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ВЕКЕ, I . : A shor tage of mic roe lements mus t be r eckoned with t o d a y u n d e r Hunga r i an condi-
t ions a n d measures should be t aken to m a k e microelements ava i lab le whenever t h e y are 
needed b y the p lant . 
If appl icat ion or r ep lacement is to be carr ied out ac t ion dynamics curves will be 
needed . A t present fol iar nu t r i t ion is t he be s t known and m o s t widespread m e t h o d of 
supp ly ing or replacing meso- and microelements . 
BuzÁs, I . : Def ic iency diseases caused by a shor tage of microelements a re encountered m o r e a n d 
more f r e q u e n t l y in H u n g a r y , as elsewhere. W h e r e these diseases are found t he micro-
e lement deficiency m u s t na tu ra l ly be m a d e u p for . 
I t is very i m p o r t a n t t o establish a n e t w o r k of l abora to r i es capable of de t ec t i ng 
t he microe lement def ic iency even before t h e s y m p t o m s a p p e a r , t h u s making p r e v e n t i o n 
possible. Fu r the rmore , such a network of labora tor ies would m a k e it possible t o p u t an 
end t o t h e present s i t u a t i o n in microelement nu t r i t ion , which c a n best be c o m p a r e d to 
cha r l a t an i sm. 
The overwhelming m a j o r i t y of t he microelement fer t i l izers available do n o t suit 
t he f u t u r e aims. These p repa ra t ions con ta in a full range of microelements b u t e a c h is 
p resen t in too small a q u a n t i t y . If a def ic iency of one or o the r microelement , e.g. b o r o n , 
occurs , a complex mic roe lemen t ferti l izer ha s to be appl ied for lack of special boron 
fer t i l izers . By doing t h i s we supply t h e p l a n t wi th microe lements t h a t i t does n o t 
requ i re , while the desired e lement is not p rov ided in a q u a n t i t y sufficient to p u t a n end 
to t h e deficiency disease. 
Another condi t ion for ra t ional microe lement r ep lacement , besides the n e t w o r k of 
l abora tor ies to de tec t microe lement deficiencies, is the ava i lab i l i ty of special micro-
e l emen t fertilizers con t a in ing certain microe lements in high concentra t ions . 
W h e n using mic ronu t r i en t s one m u s t n o t forget t h a t a considerable p a r t of t h e m 
are h e a v y metals which t e n d to accumula te in various p l a n t a n d animal organs , while 
in h igh concent ra t ions t h e y are very s t rong cell poisons. 
T h e alfalfa p l a n t gives a yield response t o increasing r a t e s of mo lybdenum n u t r i -
t ion even when the m o l y b d e n u m conten t of t h e young shoo t s is already tox ic t o t h e 
an imal organism. 
DEBRECZENI, В . : Research on t h e microelements has only been carr ied o u t for a re la t ively shor t 
t ime in Hunga ry , so t h e r e is very l i t t le d a t a available on t h e microelement suppl ies of 
p l a n t s in different soil t y p e s . I t is cer ta in ly t r ue t h a t t h e m o r e intensive t h e N P K 
fer t i l iza t ion , and consequen t ly the increase in yields, t he m o r e u rgen t the r e p l a c e m e n t 
of microelements , since larger yields e x t r a c t higher quan t i t i e s of microelements f r o m 
the soil. 
Our present knowledge also conf i rms t he enormous biological i m p o r t a n c e of 
microe lements in u p - t o - d a t e crop p roduc t ion . However , w h e n speaking of t h e micro-
e lements it should be n o t e d t h a t , while t h e y are very use fu l or even indispensable in 
small quant i t ies , t h e y m a y be cell poisons a n d have tox ic e f fec ts in larger a m o u n t s . 
I t m u s t be emphasized t h a t t he toxic e f fec t of some mic roe lements is close t o t h e opt i -
m u m level, and a h igher a m o u n t of some of t h e m may cause d i s tu rbances in t h e a n i m a l 
o rgan ism. Microelement appl icat ion the re fo re requires g rea t care and c i rcumspect ion . 
B u t in t h e case of m o s t microelements , deficiency occurs m o r e o f ten t h a n t o x i c i t y in 
p rac t ice . Bo th should he avoided as t hey m a y lead to m a n y undesi rable consequences . 
T h e quan t i t a t i ve (yield-increasing) e f fec t of the mic roe lements is generally m u c h 
lower t h a n t h a t of t h e macroe lements ( N P K ) , b u t they are of considerable i m p o r t a n c e in 
improv ing the qual i ty (e.g. increasing t h e sugar content ) a n d f r o s t hardiness of c rops , in 
p r o m o t i n g their res i s tance t o diseases, e tc . 
T h e microelement requ i rements of p l a n t s are still recognised mostly f r o m ce r t a in 
k n o w n deficiency s y m p t o m s . The q u a n t i t a t i v e microelement d e m a n d is d e t e r m i n e d b y 
t he microelement c o n t e n t of t he produc t . Soil and plant ana lyses are equally i m p o r t a n t 
m e a n s of determining t h e ac tua l d e m a n d . I n t he course of microelement r e p l a c e m e n t 
a t t e n t i o n should be p a i d t o the fac t t h a t t h e simple fer t i l izers , par t icular ly super -
p h o s p h a t e and calcium a m m o n i u m n i t r a t e , con ta in re la t ively large quant i t ies of micro-
e lements , par t icular ly manganese , zinc a n d copper . W i t h a h igh r a t e of fe r t i l i za t ion t h e 
a m o u n t of microelements t h u s supplied m a y well prove t o be sufficient for t h e t i m e 
being. T h e ra te and m e t h o d of microelement rep lacement are determined b y t h e f a c t 
t h a t t h e quan t i ty of microe lements e x t r a c t e d b y the p l a n t s is very small, a l t oge the r 
5 — 400 g/ha. I t is a lmos t impossible to d i s t r ibu te such a smal l amoun t and p l o u g h it 
in to t h e soil, so t he ac t ive ingredient is e i ther mixed w i t h a carrier, or a new, more 
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sui table m e t h o d of fer t i l iza t ion is developed a n d used. Both so lu t ions are used. The t r ace 
e lement fer t i l izers may be water-soluble sa l ts , or t hey may be m i x e d wi th a carrier such 
as a n o t h e r fertil izer, some k i n d of industr ia l by -p roduc t , a che la t ing mater ia l , or si l icate 
glass. B u t a much more e f f ec t ive and economical method of mic roe lement fer t i l iza t ion 
has b e e n developed: th i s is t h e appl ica t ion of low concen t ra t ions (0.02 — 0 . 5 % ) of 
nu t r i en t t h r o u g h the leaves ( sp ray fer t i l izat ion) . 
GYŐRI, D.: A s h o r t a g e of microe lements mus t a l ready be reckoned w i t h in H u n g a r y even u n d e r 
the p r e s e n t conditions. Owing to t he u n f a v o u r a b l e soil propert ies microelement deficien-
cies occur even when mic roe lements are f o u n d in abundance in t h e soil. Microelements 
mus t b e suppl ied because of the i r influence on t h e quali ty of t h e crop. A high r a t e of 
p h o s p h o r u s fert i l izat ion, fo r example , decreases t he zinc and t r y p t o p h a n e con t en t s of 
maize. I n a soil badly suppl ied wi th zinc a 10 3 0 % deter iora t ion of qua l i ty m a y occur . 
In t h e case of un favourab l e soil proper t ies microelements c a n be supplied t h r o u g h 
foliar s p r a y i n g . 
HARASZTI, E . : I n propor t ion to t h e a m o u n t of n i t r o g e n effective s u b s t a n c e used, and depend-
ing on t h e genetic origin of t h e soils, t h e r ep lacemen t of va r ious microelements m a y 
al ready be necessary for c e r t a i n regions, soils a n d crops. The m e t h o d of appl ica t ion is 
d e t e r m i n e d b y the s t ruc tu r e a n d qual i ty of t h e soil and the k i n d of crop to be g rown. 
While t h e applicat ion of microe lements t h r o u g h t he leaves of t h e p l a n t s is found a lmos t 
unequ ivoca l ly to be the b e s t m e t h o d in f r u i t growing, in the p r o d u c t i o n of field crops , 
especially f odde r plants , t h e pract ice of n u t r i t i o n through t he soil has proved b e t t e r . 
The m e t h o d of application is na tu ra l ly d e t e r m i n e d fundamen ta l l y b y the forms of micro-
elements avai lable . For e x a m p l e , manganese m u d can only be appl ied th rough t he soil 
on manganese-def ic ien t a reas . 
HARMATI, I . : U n f o r t u n a t e l y , n o t enough is k n o w n y e t about the microe lement con t en t of 
H u n g a r i a n soils. I t cannot b e proper ly j u d g e d on the basis of t h e avai lable da ta . I n m y 
opinion, m u c h greater i m p o r t a n c e should be a t t a ched to r e sea rch on this p rob lem. 
In m a n y places the avai lable microelement c o n t e n t s of the soils a re certainly not suff i -
cient t o p r o d u c e high yield averages . This dep le t ion is most likely t o occur in places where : 
— large doeses of fer t i l izer have been appl ied for a cons iderable length of t i m e , 
— ir r igated crop p r o d u c t i o n is p rac t i ced , 
— monocul tura l (single-crop) p roduc t ion is carried out , 
— t h i s necessarily fol lows f rom the gene t ic properties of t h e soil. 
A s I see it, mic roe lement deficiencies m u s t already be reckoned wi th a t t h e 
present leve l of fer t i l izat ion, a n d t he r ep l acemen t of these e lements is necessary. I n ex-
pe r imen t s carr ied out w i t h w h e a t and maize favourable resul t s h a v e been o b t a i n e d . 
In m y exper ience the effect of microelements in t roduced into t h e soil is less reliable t h a n 
it m igh t be because they b e c o m e fixed. I n t e n s i v e research is needed to clear u p these 
problems. 
HUSTI, M.: Acco rd ing to the geographica l and geological d a t a the m i c r o n u t r i e n t deficiency in 
H u n g a r y var ies . 
S o m e regions, such as Somogy coun ty , t h e region be tween t h e Danube a n d t h e 
Tisza, e t c . a l ready show signs of microelement deficiency, as is also indicated b y t h e 
yield levels . 
T h e microelements e x t r a c t e d f rom t h e soil have not been replaced for cen tur ies , 
pa r t i cu l a r ly over the last 30 years , since la rger amoun t s of ar t i f ic ia l fertilizer h a v e b e e n 
s u b s t i t u t e d for f a rmyard m a n u r e . 
I t is now thought t h a t small quant i t i es (60 — 80 q/ha) of f a r m y a r d manure should 
be suppl ied every 2 or 3 y e a r s t o intensify t h e biological func t ions of t he soil and t h u s t o 
ensure t h e availabil i ty of t h e microelements t o t h e plant . Besides th is , mic roe lement 
app l ica t ion on the basis of local observat ions a n d laboratory ana lyses seems to be one 
of the b a s i c conditions for increas ing the yield . 
A knowledge of the s y m p t o m s is h igh ly impor tan t for t h e f a r m , as t e m p o r a r y 
deficiencies occur in the p l a n t in the course of t h e vegetat ion per iod which may be d u e t o 
a drop in t empera tu re , lack of rainfal l , etc. I n such cases analyses do not d e m o n s t r a t e 
any de f ic iency in the soil, y e t t he p lant is u n a b l e to take u p t h e nu t r i en t s . Macro- a n d 
mic roe lements supplied t h r o u g h the leaves he lp the plant t h r o u g h t he critical phase . 
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K i s s , A. S.: A rela t ive deficiency of microe lements m u s t a l ready be r e c k o n e d with. W i t h 
increased fe r t i l i za t ion this def ic iency will cont inue t o grow, as t h e avai lable micro-
e lement supplies are already beg inn ing to run out , a s p r o v e d by the good resul ts a t t a ined 
b y applying microe lements as leaf s p r a y . I th ink t h a t microelements c a n only be suc-
cessfully applied t h r o u g h the fol iage, because in s a n d y soils they are w a s h e d out, while 
in clay they become unavai lable t o t h e plants because adsorpt ion is t o o s trong. 
K i s s , Á.: In tens ive agr icu l tu ra l cu l t iva t ion produces ve ry l a rge yields, which will increase sti l l 
f u r t h e r . The r ep l acemen t of the microe lements e x t r a c t e d f rom the soil is a l ready neces-
sary . Agrochemical invest igat ions will give a precise de termina t ion f o r each crop a n d 
soil t y p e of t he k ind and amoun t of microelement t o be supplied t h r o u g h foliar or r o o t 
nu t r i t ion . A knowledge of the in t e rac t ions between microelements will b e i m p o r t a n t here . 
KOLTAY, Á.: The need t o supply Ca a n d Mg besides the r egu la r ly replaced macroe lements h a s 
been d e m o n s t r a t e d for certain soil t y p e s in H u n g a r y . I t is t ime t h e ro le of the micro-
e lements was c lar i f ied , because t h e in tens i ty of f ield c rop product ion a n d t h e increasing 
use of mac ronu t r i en t s make t he occasional app l ica t ion of certain mic roe lemen t s neces-
sary . According t o our present knowledge the mic roe lements which a re k n o w n to h a v e 
biological ac t ions (sulphur , iron, coppe r , manganese , boron , zinc, m o l y b d e n u m , coba l t , 
chlorine, sodium, silicon v a n a d i u m ) are most l ikely t o need replacing. I n most soils a t 
t h e present level of nu t r ien t s u p p l y t he effect iveness of microelement fer t i l izat ion h a s 
n o t ye t been d e m o n s t r a t e d . The s y m p t o m s of def ic iency should be i den t i f i ed , the micro-
e lement con ten t s of t he soils should be de termined, a n d deficiencies w h i c h may a l ready 
occur under g iven conditions a n d plant /soi l re la t ionsh ips should be d e m o n s t r a t e d . T h e 
s implest way t o m a k e up for t h e deficiencies f o u n d seems to be t h e use of complex 
fert i l izers enr iched wi th microe lements . In e x p e r i m e n t s at M a r t o n v á s á r t he efficiency 
of microelements (zinc, copper, i ron , manganese , t i t a n i u m ) sprayed o n t o wheat has n o t 
been proved so f a r . 
KOVÁTS, A.: The p l a n t needs more n u t r i e n t s to increase i t s yield. This appl ies no t only to t h e 
macro- bu t also t o t he microelements . Under H u n g a r i a n conditions a t t h e present level 
of p roduc t ion , microelement deficiencies inf ie ld c rops a re only sporadica l ly encountered , 
e.g. zinc def ic iency in maize a f t e r reserve phosphorus application, or l ack of boron in 
sugar-beet g rown on calcareous soil. Under H u n g a r i a n conditions microelement de-
ficiencies need n o t generally be r e c k o n e d with as y e t . E x c e p t in a f ew cases exper iments 
h a v e not shown a n y significant e f f ec t f rom microe lement applicat ion e i the r . I t m u s t b e 
k e p t in mind , however , t h a t as a consequence of t h e h igh ra te of m a c r o e l e m e n t s u p p l y 
a n d t he cons t an t ly increasing yields , sooner or la ter a microelement def ic iency may occu r 
in t he soil, a n d s teps should be t a k e n now to c o u n t e r a c t this. The a m o u n t of secondary 
e lements f o u n d in the aggregates of Hungar i an fer t i l izers and t h e use of f a r m y a r d 
m a n u r e do in f a c t mean t h a t c e r t a in mic ronu t r i en t s are partially s u p p l e m e n t e d . 
In m y op in ion the need for microelement s u p p l y will not b e c o m e u rgen t unt i l t h e 
1990s. E luv i a t ed sandy soils m a y be an except ion where the r e p l a c e m e n t of mic ro -
e lements will become necessary a t a n earlier da te . 
KUKEDI, E . : Microelement deficiencies of a local charac ter occur red even in t h e pas t . S y m p t o m s 
of microelement shor tage are o f t e n encountered t o d a y , b u t for lack of e x a c t expe r imen t s 
t h e f requency of the i r occurrence a n d the ex ten t of t h e losses caused b y t h e m would b e 
dif f icul t to de t e rmine . The r e p l a c e m e n t of mic roe lements is likely t o b e c o m e increasingly 
necessary, as t h e microelement c o n t e n t of the soils will decrease owing to the l a r g e 
yields. There is, however, a n o t h e r po in t of view f r o m which the r e p l a c e m e n t of t r a c e 
e lements is i m p o r t a n t . According t o t h e results of invest igat ions m a d e b y Schüt te in t h e 
G e r m a n Federa l Republ ic , for e x a m p l e , the lack of c o p p e r and boron increases the deg ree 
of infection b y powdery mildew. A relat ionship b e t w e e n microelement deficiencies a n d 
pa thogenic fung i is likely to exist in other crops t o o . 
I n f o r m a t i o n on the mic roe lemen t contents of soils is given b y t h e results of soil 
analyses. If t h e a m o u n t of m a g n e s i u m , for example , contained in l i g h t soils is less t h a n 
3 mg/100 g soil, t h e n the def ic iency mus t be m a d e u p for. In h e a v y soils the l imit f o r 
rep lacement is 8 m g . Da ta on o t h e r microelements a r e also found in t h e tab les . By t a k i n g 
these tables a n d t h e results of soil analyses into cons idera t ion we c a n dec ide whether or 
no t rep lacement of microelements is necessary. 
The s imples t way of c a r r y i n g out t race e l e m e n t fert i l ization is t o use fer t i l izers 
which are enr iched with microe lements . These h a v e t h e great a d v a n t a g e of covering t h e 
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r e q u i r e m e n t s of t h e p l a n t s for a long t i m e . This well p r o v e n me thod is r egu la r ly employed 
in t h e western count r i es . Having a w ide range of microelement-enr iched fert i l izers they 
h a v e no difficulty i n choosing the m o s t sui table ones. I n H u n g a r y the a s s o r t m e n t is not 
y e t as wide. I t is n o t b y chance t h a t i n Hungary t r a c e e lements are also replaced by 
fo l ia r nut r i t ion . S p r a y fertilizers are a l so used in h o r t i c u l t u r a l crops a n d orchards . The 
t h i r d me thod of mic roe lement r e p l a c e m e n t is the use of microelement fer t i l izers and 
p r e p a r a t i o n s p roduced fo r this special pu rpose . 
I t can thus be seen t h a t the r e p l a c e m e n t of mic roe lements is a l r e a d y necessary 
t o d a y . Replacement c a n t ake place t h r o u g h the app l i ca t i on of microelement-enr iched 
fer t i l izers , spray fer t i l izers containing t r a c e elements, or ind iv idua l mic roe lement prepa-
r a t i o n s m a n u f a c t u r e d fo r this special pu rpose . 
LÁNG, G.: T h e microelement con ten t of t h e soils available t o t h e plants is n o t y e t known. 
Inves t iga t ions are b e i n g carried out o n t h i s subject . W i t h increasing y ie lds t h e micro-
e l e m e n t requ i rements of t he plants wil l obviously grow. T h e microelements will con-
s e q u e n t l y be reduced t o a min imum sooner or later . P r e p a r a t i o n s m u s t therefore be 
m a d e for microelement fert i l ization in b o t h ways: t h r o u g h t h e soil and t h r o u g h the leaf. 
J u s t as in the case of macroelements , a fert i l izat ion s y s t e m mus t he e l a b o r a t e d for the 
microelements . 
L Ő R I N C Z , J . : A y i e l d o f 5 0 q / h a f o r m a i z e a n d 4 0 q / h a f o r w h e a t w i l l n o t b e e n o u g h f o r p r o f i t -
a b i l i t y e v e n n e x t y e a r , s o t h e y i e l d p e r h a m u s t b e i n c r e a s e d f r o m y e a r t o y e a r , a n d t h i s 
w i l l r e q u i r e a n a d e q u a t e q u a n t i t y a n d c o m p o s i t i o n o f m i c r o e l e m e n t s . T h e m i s s i n g m i c r o -
e l e m e n t s c a n b e r e p l a c e d i n v a r i o u s w a y s . M i c r o e l e m e n t d e f i c i e n c i e s c a n b e s u c c e s s f u l l y 
m a d e u p f o r t h r o u g h t h e l e a v e s a n d i n t h e f o r m o f c h e l a t e s w o r k e d i n t o t h e s o i l . 
I n the case of t h e 80 q/ha w h e a t , 90 — 100 q /ha ma ize or 100 — 130 q / h a alfalfa 
h a y p roduced by t h e product ion s y s t e m s the regular rep lacement of c e r t a i n micro-
e l e m e n t s is necessary e v e n now. S y m p t o m s of def ic iency have a l ready appeared in 
severa l places and c rops . 
M l H Á L Y F A i i V Y , I . : Apar t f r o m t h e macroe lement s the mic roe lements are also of g r e a t impor-
t a n c e if large yields a r e t o be obtained. I n sugar-beet , fo r e x a m p l e boron, m a n g a n e s e and 
zinc deficiencies m a y r e s u l t in severe in fec t ions caused b y viruses, cercospora a n d other 
p a t h o g e n s , thereby t h r e a t e n i n g both t h e q u a n t i t y and q u a l i t y of the yield. I n m y opinion 
t h e microelements s h o u l d he replaced p r imar i l y t h r o u g h t h e soil by a p p l y i n g complex 
or m i x e d artificial fer t i l izers . 
MOLNÁR, J . : T h e fact t h a t y i e ld analyses of l a r g e yields show deficiencies of microe lements 
sugges ts t h a t there is a shor tage of t h e s e elements. This m e a n s t h a t the microe lements 
shou ld be replaced v e r y soon. A t t e m p t s are being m a d e b y the H u n g a r i a n fertilizer 
i n d u s t r y t o produce fer t i l izers which c o n t a i n the m a j o r microelements , if possible in 
d i f f e r e n t propor t ions t o suit the cond i t i ons of the d i f f e r e n t regions. A t p r e s e n t foliar 
n u t r i t i o n by a i rc ra f t is a lmos t the only w a y to supply microelements . 
T h e regular app l i ca t i on of f a r m y a r d manure a l lev ia tes this problem. 
NYÉKI, J . : I f ou r expec ta t ions come true, a n d yields increase as m u c h as we h o p e t h e y will, 
in s o m e soil types a s h o r t a g e of mic roe lemen t s must n a t u r a l l y be expec ted . I n acidic 
s a n d y soils deficiencies of boron, m o l y b d e n u m and c o p p e r have already b e e n demon-
s t r a t e d even at t he p r e s e n t yield levels , and similar p r o b l e m s are m e n t i o n e d in the 
l i t e r a t u r e wi th regard t o alluvial soils. T h e symptoms of microelement def ic iency may 
not be not iced at f i r s t i n p lan t s , bu t in a n o t h e r link of t h e n u t r i e n t chain: in h u m a n s or 
an ima l s . For this r e a s o n I t h i n k it is r e a s o n a b l e to take p r e v e n t i v e measures. Th i s should 
not be diff icult since t h e in t roduct ion of leaf and f r u i t analyses, which a r e already 
widely used . Foliar app l i ca t ion def in i t e ly seems to be t h e most p rac t icab le , since it 
does n o t present any p a r t i c u l a r d i f f icu l ty t o the farm, as t h e dis t r ibut ion c a n be com-
bined w i t h other p l a n t p ro tec t ion ope ra t i ons . I par t icu lar ly advise this so lu t ion as a lot 
of expe r imen ta l da t a a re available to c o n f i r m the ef fec t iveness of foliar n u t r i t i o n . 
P A I S , I .: I a m q u i t e c o n v i n c e d t h a t t h e s u b j e c t o f m i c r o e l e m e n t m a n a g e m e n t i s o f i n t e r e s t i n 
m u c h w i d e r c i r c l e s t h a n t h o s e m e n t i o n e d i n t h e q u e s t i o n , s i n c e i t i s o f i n t e r e s t n o t o n l y 
i n r e l a t i o n t o s o i l a n d p l a n t s , b u t a l s o f r o m t h e p o i n t o f v i e w o f a n i m a l s , i n c l u d i n g m a n , 
a s t h e l a s t " l i n k " i n t h e f o o d c h a i n . I s h o u l d l i k e t o e m p h a s i z e m y o p i n i o n t h a t t h e 
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ques t ion of micro-nut r ien ts should be u r g e n t l y studied by a l a rge scientific b o d y inc lud-
ing n u t r i t i o n experts , ve ter inar ians , agr icul tur i s t s , chemis t s a n d biologists, be fore 
i r reparab le mistakes are m a d e . 
Objec t ive research d a t a show t h a t t h e replacement of mic ro -nu t r i en t s m u s t begin 
a t once. W i t h a few excep t ions these should n o t be applied t o t h e soil, because t h e r e t h e y 
become f ixed as prac t ica l ly insoluble c o m p o u n d s ; the correct m a n n e r of r e p l a c e m e n t is 
by m e a n s of foliar sp r ay ing . In my opinion, t h e greatest d a n g e r a t present is n o t t he 
reach ing of toxic levels ( t h o u g h we mus t be on our guard a g a i n s t th is too), b u t t h e ever 
decreas ing supply of m a j o r micro-nut r ien ts t o animal and m a n alike, the consequences 
of wh ich canno t yet be foreseen. 
PECZNIK, J . : T h e most i m p o r t a n t elements occur r ing in plants are f o u n d along the l ine d r a w n 
f r o m c a r b o n to argon in t h e periodic t ab l e , t h e so-callcd n u t r i e n t line. In genera l , t h e 
f a r t h e r f r o m the m e n t i o n e d line an e lement is, t h e less necessary i t is to the p l a n t s . The 
s t r u c t u r a l elements (C, H , O, N, etc.) h a v e smal l atomic v o l u m e s , and the i r biological 
f u n c t i o n s are closely r e l a t e d wi th this p r o p e r t y . 
Inves t igat ions m a d e dur ing recent decades have revea led , however , t h a t bes ides t h e 
m a j o r s t ruc tu ra l e l ements numerous f u r t h e r elements are requ i red for t h e s m o o t h 
f u n c t i o n i n g of plants . According to V i n o g r a d o v a cer ta in q u a n t i t y of every k n o w n 
chemica l e lement is p r e s e n t in the organs a n d tissues of p l a n t s . A demons t r a t i on of th is 
has b e e n m a d e possible b y the con t inuous improvements in analytical p rocedures . 
On t h e o the r hand, no convincing proof h a s so fa r been g iven of which e lements f o u n d 
in p l a n t s are indispensable a n d which are acc iden ta l con t amina t ions . Ind i spensab i l i ty is 
d i spu t ab l e even in t he case of certain mac roe l emen t s (Si CI), a n d is even more d i f f icu l t 
to d e t e r m i n e for the microe lements . I t is genera l ly thought t h a t e lements whose sho r t age 
or absence cause def ic iency symptoms In t h e p lan t are ind ispensab le for the p l a n t and 
t h a t t hese symptoms c a n be el iminated b y t h e application of t h e element concerned . The 
ques t ion is, in fact , m u c h more complex, as m a n y other c i rcumstances m u s t also he 
t a k e n i n to considerat ion w h e n judging t h e role of the i nd iv idua l elements ( ion a n t a g -
onism, re-uti l izat ion, desorp t ion , etc.). 
T h e biological a n d physiological e f f cc t s of the mic roe lements are e x t r e m e l y 
va r ied . Many of t h e m are component p a r t s of enzymes, v i t a m i n s and ho rmones , and 
t h u s p l ay an indirect b u t impor t an t role in controlling the l ife processes. Thei r pos i t ive 
effect is, however, only fe l t between ce r ta in concentra t ion l imi t s , since most of t h e m are 
cell poisons and may t h u s be toxic a t h igher concentra t ions . O n the other h a n d , i t is 
a lmos t impossible t o e s t ab l i sh the o p t i m u m concentra t ion of microelements , p a r t l y 
because t h e y may e i the r weaken or s t r e n g t h e n the action of one another , a n d p a r t l y 
because t h e composi t ion a n d reaction of t h e soil is also not w i t h o u t effect; t h e o p t i m u m 
concen t r a t i on may even change with t h e p l a n t var iety. The microe lement c o n c e n t r a t i o n 
in t h e soil ranges b e t w e e n fair ly wide l imi ts , a n d the upper l imi t of op t imum concen t r a -
t ion a n d t h e lower l imi t of toxic concen t r a t i on may be ve ry close to each o the r , or m a y 
even coincide. 
T h e soil is na tu r a l l y of decisive i m p o r t a n c e in supp ly ing t he plants w i t h micro-
e lements . However , s ince t h e extent a n d r a t e of up take d e p e n d on the d i s t r i bu t ion of 
t he microelement ion b e t w e e n the soil a n d t h e plant , the solubi l i ty of c o m p o u n d s con-
t a in ing microelements (oxides , ca rbona tes , silicates, etc.) p l a y s an impor t an t role. The 
solubi l i ty of most mic roe lements is low, especial ly in alkaline a n d carbonate soils. Thus , 
in e v a l u a t i n g the mic roe lemen t supply of p l a n t s it is not e n o u g h to know t h e abso lu te 
mic roe lement content of t h e soil; the a m o u n t s of readily ava i l ab le microe lements m u s t 
also be known. The de t e rmina t i on of t h e a m o u n t of r ead i ly available n u t r i e n t s is a 
p r o b i e m even for macroe lement s , and is sti l l more difficult f o r microelements . 
T h e relevant inves t iga t ions show t h a t mos t soils in H u n g a r y contain cons iderable 
a m o u n t s of microelements . The ra ther d r y c l imate of H u n g a r y , t he low in t ens i ty of t he 
leaching processes, a n d t h e extensive f a r m i n g methods used in t he country in p rev ious 
cen tur ies certainly h a v e a n impor tan t role in th is . I t is obv ious t h a t wi th the increas ing 
i n t e n s i t y of agr icul tural p roduc t ion , t he amel iora t ion of larger a n d larger areas b y l iming, 
a n d t h e large-scale u t i l i za t ion of fert i l izers containing macroe lement s , the q u e s t i o n of 
mic roe lement r ep l acemen t has necessari ly come into p r o m i n e n c e in H u n g a r y , as 
e lsewhere. I do not t h i n k we should w a i t u n t i l the mic roe lement supplies of ou r soils 
become so exhausted t h a t visible s y m p t o m s of deficiency a p p e a r in the p l a n t s ; the 
r e p l a c e m e n t of mic roe lements must be p rov ided for now, w h e n the mic roe lement de-
ficiencies are still on ly l a t en t . A good e x a m p l e of the l a t t e r is the phosphorus -z inc 
an togon i sm which a p p e a r s for example in maize p roduc t ion ; if phosphorus is appl ied 
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above a ce r t a in level a yield depression occurs owing to the f o r m a t i o n of insoluble zinc 
phospha tes , leading to zinc deficiency in t he maize . 
Accord ing to our o w n exper iments a t p resen t the r ep l acemen t of microe lements 
can be solved most successfully and most economical ly with foliar nu t r i t ion . This m e t h o d 
is, in f a c t , widely used in H u n g a r y , especially in crops where fo l ia r nutr i t ion c a n be 
combined w i t h chemical p l a n t protect ion. 
T h e replacement of microelements is i m p o r t a n t not only fo r t he plant o rgan i sm; 
it also has an impact on he rb ivorous an imals and consequent ly on human n u t r i t i o n 
as well. 
PETRASOVITS, I . : U n d e r dry cond i t ions successive la rge yields may r e su l t sooner or la te r in a 
general sho r t age of certain microelements . 
I n t h e case of regular i r r igat ion, on t h e o t h e r hand, a def ic iency of microe lements 
mus t a l r eady be reckoned w i t h . Unfo r tuna te ly , ve ry little is k n o w n about this p r o b l e m 
in H u n g a r y , h u t it is h ighly probable t h a t a re la t ive or abso lu te shortage of micro-
elements is also responsible for the lower n u t r i t i v e value of t h e i r r igated fodder c rops 
(e.g. a copper deficiency), a n d in other cases for the compara t ive ly low level of y ie lds 
obta ined w i t h irrigation. 
Owing to the larger y ie lds and to the f a c t t h a t it makes t h e microelements m o r e 
easily ava i lab le irrigation genera l ly results in t h e microelement suppl ies being e x h a u s t e d 
more r ap id ly t h a n in d ry f a r m i n g . After a ce r t a in length of t i m e this microe lement 
surplus c a n n o t be covered b y na tu ra l r ep lacement . 
POZSÁR, В.: T o d a y t h e mesoelement magnes ium is suppl ied as an add i t ive in nitrogen fer t i l izers . 
Of the microe lements a t l eas t f ive should be replaced, not only in order to increase t h e 
yield su rp lus b u t also because complex N P K exercises a qua l i ty - improving effect w h e n 
it is s u p p l e m e n t e d with mic ronu t r i en t s . The microelements can be dis t r ibuted t o g e t h e r 
with pes t ic ides , and wi th t h i s economical appl ica t ion the p ro t e in product ion a n d re-
product ive abi l i ty of fa rm a n i m a l s can be increased . 
SHMILLIÁH, M.: NO general s t a t e m e n t s can be made on microelement def ic iency. In the case of 
sugar-beet t he r e are areas w h e r e boron def ic iency can be s p o k e n of, par t icular ly in 
places where intensive sugar -bee t product ion has been carried on fo r some time. F a r m s 
in the ne ighbourhood of suga r factories, where concentra ted p roduc t i on takes p lace , 
must be g iven particxdar a t t e n t i o n , because a 700—800 q/ha yie ld (root + leafy h e a d ) 
uses up t h e nu t r i en t suppl ies of the soil one-s idedly . If in a g iven district there is a 
scarcity of some nut r ien t , def ic iency s y m p t o m s will soon occur. W h e n a deficiency of 
some n u t r i e n t occurs whe the r it is a macro- or a microelement, a new situation is t o be 
reckoned w i t h . There are a r e a s where field c rop product ion h a s been carried on f o r 
centuries , b u t the t rad i t iona l me thods of cu l t iva t ion have ensured t he regenerat ion of 
t he soil. T h e yield were low, t he right succession of crops m a i n t a i n e d the n u t r i e n t 
balance. B y leaving the l and fal low, or inc luding perennial papi l ionaceae or clover w i t h 
grass in t h e crop rotat ion t h e replacement of microelements was ensured by the r o o t s 
lef t behind a n d the life f u n c t i o n or decay of t h e micro- and macroorgan isms mul t ip ly ing 
in the soil. 
T h e s i tua t ion is qu i te d i f ferent today . T h e organic life of t h e soil changes u n d e r 
the inf luence of herbicides a n d the condit ions for natura l r egene ra t ion are no longer 
ensured. T h e succession of c rops has become s impler ; crop r o t a t i o n is augmented w i t h 
t e m p o r a r y monocul tures . T h e product ion s y s t e m of the f a r m s has become h igh ly 
specialized. This , however, involves the one-sided exploi ta t ion of t h e nutr ients , b o t h 
macro- a n d microelements , in t he soil. I t n a t u r a l l y follows t h a t n o t only the m a c r o -
elements b u t t he microe lements too must be s imul taneous ly r ep laced . As to the m e t h o d 
of r ep lacemen t , nutr ient s u p p l y t o the soil solves t h e problem for a longer period. W i t h 
this m e t h o d a work process c a n also be saved. If r ap id in te rven t ion is needed, n u t r i e n t s 
can be suppl ied to the p l an t t h r o u g h the fol iage. For example, h e a r t rot and d ry r o t 
caused by bo ron deficiency in sugar-beet can be p reven ted by b o r o n spraying. Howeve r , 
if boron is a d d e d to the soil in t ime , the disease will not occur a t all. In the case of seed 
product ion th i s is still more i m p o r t a n t , because yield reduct ions caused by the disease 
cause severe losses to the f a r m . 
SZALAY, S.: In H u n g a r y deficiency of microelements c a n be reckoned w i t h . e.g. in poor s a n d y 
soils. " I n d i r e c t " microelement deficiency occurs in soils which a re well supplied w i t h 
microelements when the microe lements canno t read i ly be t aken u p b y the plants , t h a t 
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is, if t h e y are not mobi le . For example , according to our invest igat ions p e a t y soils 
con ta in sufficient quan t i t i e s of micronut r ien t s , b u t the h u m i c acids bind the manganese 
and copper th rough ion exchange to such an ex ten t t h a t t he p l a n t s are deficient in these 
two elements . The alkal ine soils of t he H o r t o b á g y also have enough micronut r ien t s , b u t 
t h e a lkal ini ty makes t h e copper and zinc dif f icul t for t he p l a n t s to take up , especially 
in d r y weather . On t h e neu t ra l , sl ightly alkal ine, sodic a reas of the Great H u n g a r i a n 
P la in a similar p rob lem is p robably t o be expected . Exce l len t qua l i ty soils are able to 
supp ly t he p lan ts w i t h mic ronu t r i en t s for a long t ime even a t a high yield level, b u t if 
t he r e is a high r a t e of fer t i l izat ion a n d i r r igat ion the concen t r a t ion of the less mobile 
microe lements m a y n o t reach a high enough level compared t o the macroe lements . 
A " l u s h green" b iomass ob ta ined wi th in tens ive macro-fer t i l iza t ion and i r r iga t ion m a y 
t h u s be poor in minera l substances (calcium and microelements) , and will t h u s be of 
r educed value f r o m t h e po in t of view of feeding. I t is t h r o u g h t h e s tudy of t he soil and 
p r o d u c t i o n condit ions a n d the microanalysis of green p lan t s t h a t the a m o u n t of micro-
e lements which should be supplied t h r o u g h t h e soil and t h e foliage can be de t e rmined . 
A t p re sen t the advisory service in H u n g a r y is no t developed e n o u g h to solve t he p rob lems 
wi th in a few years. 
SZENICZEY, Cs.: In tens ive crop product ion is res t r i c ted exclusively t o t h e replacement of N P K , 
which is applied in large doses. In mos t cases even those t r a c e elements f o u n d in p lan t 
res idues are p reven ted f r o m re tu rn ing t o t h e soil. The a p p e a r a n c e of micro- a n d t race 
e l emen t deficiencies in l ivestock f a rming has been observed in epidemic p ropor t ions in 
va r ious disorders of r ep roduc t ion biological origin, in p rob l ems of gesta t ion, and in 
de fo rmed offspring which can be p u t down to t race e lement deficiencies. 
Inves t iga t ions h a v e shown t h a t these phenomena are definitely caused b y de-
f ic iency diseases ar is ing f r o m incorrect feeding. 
The missing t r a c e elements can be replaced ei ther in t h e field or in t h e feed. 
T h e level of fertilizer p roduc t ion in H u n g a r y has forced us t o choose the l a t t e r , which is 
a s t opgap a r r angemen t . 
The deve lopment of t he p lan t a n d t h e full display of i t s biologically de te rmined 
po ten t i a l p roduc t iv i ty m u s t be ensured in t he field. 
The implicat ions of th is ques t ion for h u m a n biology m a y prove to be ex t remely 
i m p o r t a n t , provided t h e y are examined . 
SZÉKESSY-HERMANN, Y. —FAZEKAS, S.: In tens ive agricul ture def in i te ly calls for a regular 
r ep lacemen t of microe lements , not only t o cover t he specific needs of the p l a n t s , bu t 
also t o ensure t he ecological balance of t he soil. Preference should therefore be g iven to 
i ts in t roduc t ion in to t h e soil. As for t he costs involved in t h e exper t r ep lacement of the 
microe lement con t en t of t he soil, t h e p resen t v iewpoint of medical science should be 
a d o p t e d . The resul ts of recent research suggest t h a t changes in the level of cer ta in 
microe lements indispensable to the organism also con t r ibu t e t o t he deve lopment of a 
n u m b e r of diseases t h e origin of which is no t ye t k n o w n fo r certain. Consequent ly , 
m o d e r n medical science a t t r ibu tes t h e same impor tance t o sat isfying microe lement 
r equ i r emen t s which are indispensable to t h e h u m a n a n d a n i m a l organism as t o the 
v i t a m i n supply, t he i m p o r t a n c e of which is generally accep ted . 
TARJÁN, R . : I t h ink t h a t f i r s t we mus t get t o know the mic roe lement content of our most 
i m p o r t a n t soil types , a n d discover w h a t m e t h o d of n u t r i e n t rep lacement is be s t suited 
t o t h e erosion condi t ions . Changes in t h e q u a n t i t y and p r o p o r t i o n of microe lements in 
b o t h soil and p l an t m u s t be followed wi th a t t en t ion , according t o the annua l r o t a t i o n of 
crops. Only when we possess this knowledge can the ques t ion of rep lacement t h rough 
t h e soil or the foliage of p lan t s be adequa t e ly deal t wi th . W i t h o u t it, u n e x p e c t e d and 
possibly i r reparable errors m a y be m a d e . 
TOMPA, GY. : The rep lacement of microelements is necessary even a t t he present level of pro-
duc t ion . Since an a t t e m p t is being m a d e t o raise the p r o d u c t i o n level pa r t l y b y using 
increasing amoun t s of macronu t r i en t s , t h e replacement of micronut r ien ts , wh ich are 
g radua l ly being r educed t o a m in imum, is jus t i f ied and necessary . 
The simplest m e t h o d of mic ronu t r i en t rep lacement would be to enr ich t h e fer-
ti l izers wi th the necessary t race e lements dur ing the m a n u f a c t u r i n g process. 
TÖLGYESI, GY.: Some people t h i n k t h a t it is only a consequence of t h e improved t echn iques of 
chemical analysis t h a t microelement deficiencies are more f r equen t ly observed today 
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than t h e y were in the pas t . I n d e e d , with t he simplif ied process of analysis a mu l t i t ude 
of earlier unrevea led cases a r e de tec ted , chief ly for t he purposes of research. However , 
a number of p l an t species h a v e proved unrespons ive to any a m o u n t a n d combina t ion of 
N P K , t h u s suggesting an insuf f ic ien t microe lement supply. E v e r y t h i n g points to t he 
fact t h a t t h e a t t en t ion paid t o t h e microelements is not restr ic ted t o t h e fashionable new 
theoret ical quest ions which a re in the centre of in teres t . Under t h e changed product ion 
condit ions t h e role of t h e microe lements a p p a r e n t l y increases w h e t h e r we t ake any 
notice of t h e m or not. There a r e two f u n d a m e n t a l causes for t h e f r e q u e n t occurrence of 
microe lement deficiency. F i r s t , for reasons of na t iona l economy t h e t radi t ional crop 
p roduc t ion areas have c h a n g e d . While in t he t r ad i t iona l areas t h e place most sui table 
for a g iven c rop was chosen b y centuries of exper ience, in t he new areas p lan t species 
which f i n d i t diff icult to a d a p t t o the local condi t ions have been sus ta ined with macro-
elements. T h e other cause w a s t h e yield increase a t ta ined b y a higher ra te of N P K 
fer t i l izat ion which was n o t accompanied b y a n increased microe lement supply. The 
result in b o t h cases is an e n o r m o u s waste of fer t i l izer . The effect of fert i l izer doses m a n y 
times la rger t h a n the a m o u n t of act ive agent e x t r a c t e d by the crop can be explained b y 
the fac t t h a t t h e macroe lements have supp lan t ed t he microe lements in the adsorp t ion 
complex of t h e soil, whereby t h e la t ter have become somewhat m o r e easily avai lable 
to the p l a n t . 
Whi l e u n d e r the ex tens ive condit ions of p r i v a t e f a rm m a n a g e m e n t preference h a d 
to be g iven t o t he plant species mos t economical ly grown in a g iven region, t o d a y we 
are of ten fo r ced to leave th i s pr inc ip le out of cons idera t ion in order t o be able to sa t is fy 
the d e m a n d s . Fo r example, w i t h a view to increas ing the p ro te in resources the a l fa l fa 
areas shou ld be increased in H u n g a r y . The a l fa l fa p l an t , which f a v o u r s meadow soils r ich 
in calcium, h a s low p roduc t iv i ty and is short- l ived on t rans i t iona l or forest soils. W i t h 
a high r a t e of nitrogen fe r t i l i za t ion , which is u n u s u a l in alfalfa p roduc t ion , it survives 
somehow or o ther , bu t in sp i t e of the higher costs t he yields r e m a i n f a r below the level 
a t ta ined o n typ ica l alfalfa soils. L e t us see w h a t microelements a re l ikely t o cause these 
differences. 
Accord ing to the resu l t s of invest igat ions carried out in 1969 t he essential dif-
ference b e t w e e n the zonal soil t y p e s of H u n g a r y (meadow and fo r s t soils) is caused b y 
the d i f f e ren t ra t io of m a n g a n e s e to m o l y b d e n u m in the two soils. Whi le the meadow 
soils have a good mo lybdenum- a n d poor manganese-supply ing capac i t y , in forest soils 
the c o n c e n t r a t i o n of mobile m a n g a n e s e is high a n d t h e avai labi l i ty of m o l y b d e n u m low. 
Accordingly, t h e meadow soils provide a n a t u r a l h a b i t a t for molybdenophi lous , and 
the fores t soils for manganoph i lous plants . T h e ra t io of the t w o e lements shows t h e 
difference i n nu t r i en t - supp ly ing capaci ty b e t w e e n t he two soil t y p e s more dis t inct ly . 
In earlier agr icu l tura l pract ice t h e growing site was m a d e suitable for alfalfa p roduc t ion 
by app ly ing l ime to t r ans i t iona l a n d forest soils. T o d a y we know t h a t this in te rven t ion 
not only increased the chemical reac t ion bu t also improved the avai lab i l i ty of molybde-
num and r e d u c e d t h a t of m a n g a n e s e . I s t a r t ed large-scale exper imen t s based purely on 
microelement supply on acid fo res t soils a t t h e foot of the M á t r a (range of hills in 
Nor the rn H u n g a r y ) and f o u n d t h a t on all soils where the manganese -molybdenum ra t io 
of alfalfa w a s higher t h a n 100, t h e crop r e sponded t o the app l ica t ion of 2 — 6 kg /ha 
ammonium molybda t e with a n increase in t he yield and protein concen t ra t ion . W i t h t he 
help of t h i s diagnost ic l imit v a l u e alfalfa can be successfully g rown on any soil where 
earlier it cou ld only be p r o d u c e d wi th a high r a t e of ni trogen fer t i l iza t ion . 
Yinca minor , a p lant con t a in ing v incamine alkaloids which h a v e a reducing effect 
on blood p ressure , has jus t t h e opposi te d e m a n d for i ts growing site. I t s original h a b i t a t 
is the soil of ho rnbeam a n d o a k woods. Since a t one t ime t he ac t ive agent could be 
prof i tably e x p o r t e d , Yinca m i n o r was t aken u n d e r field cu l t iva t ion a t t he cost of con-
siderable i nves tmen t s . U n d e r such condit ions, however , the v i ru lence of the p l a n t 
declined, t h e s t ands were o v e r g r o w n by weeds, a n d funga l diseases also rendered f u r t h e r 
a t t empt s unp ro f i t ab l e . In t h e m e a n t i m e I was charged with t he t a s k of examining t h e 
microelement implications of t h e problem. The analysis of samples collected all over t he 
country r evea led t h a t the large cont inuous n a t u r a l s t ands of the p l a n t are found in places 
where t he manganese con ten t of t he p lant is h igh . By applying a m m o n i u m sulphate , 
which has a n acidifying ef fec t , t o mobilize t he manganese con ten t of t he soil, toge ther 
with m a n g a n e s e micronut r ien t i t proved possible t o increase t h e p r o d u c t i o n of the s t ands . 
I t should be a d d e d tha t in m o s t cases manganophi ly is coupled wi th acidophi ly . E m p h a s i s 
was earlier la id only upon t h e different d e m a n d s of the p lan t species for chemical 
reaction, a n d t h e microelement requ i rements concealed by these were not t a k e n in to 
considerat ion. 
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Besides t h e above m a n y observat ions p r o v e t h a t d i f fe rences in growing s i te 
canno t be coun te rba lanced b y N P K appl icat ion alone. Though t h e mechanical p r o p -
erties, h u m u s con t en t and w a t e r regime of t h e soil cannot be c h a n g e d , a t least n o t in 
a short t ime, differences in t h e n a t u r a l fer t i l i ty of soils can never the less be lessened b y 
means of r a t i ona l microelement applicat ion. 
The increased f r equency of microelement deficiencies is r e l a t e d wi th the f ac t t h a t 
assimilat ion is enhanced by t h e be t t e r N K P a n d w a t e r supply. I n t h i s case the mic ro -
elements wh ich are relat ively less readily avai lable are reduced t o a m i n i m u m and l imi t 
the yield. F r o m the observat ions m a d e by m y colleagues and I t h r e e series of m e a s u r e -
men t s are p re sen ted here t o p r o v e t h a t the r e p l a c e m e n t of mic roe lemen t s canno t be 
neglected a n y longer. 
The e f fec t of i rr igat ion w a s studied for t h r e e years wi th o a t s as the i nd i ca to r 
p l an t , on four soil types wi th f o u r fert i l ization combina t ions . I t w a s f o u n d tha t fo r e a c h 
element t h e increased ( o p t i m u m ) water supp ly p layed a role in decreasing t h e con-
cent ra t ion of minera l subs tances , including t h a t of t he microe lements . The decrease in 
copper concen t ra t ion , which a lways followed t h e yield increase p ropor t iona te ly , w a s 
par t icular ly not iceable . For m o s t elements t h e decrease reached t h e lower limit of t h e 
values r e c o m m e n d e d f rom an agrochemical p o i n t of view, and a s regards the f e e d i n g 
value it was f a r below the s t a n d a r d . These c o n c e n t r a t i o n minima a r e no t affected b y t h e 
fac t t h a t w i t h a larger yield s o m e w h a t larger q u a n t i t i e s of mic roe lemen t s are r e m o v e d 
f r o m the soil. 
The n a t u r a l fert i l i ty of a t o t a l of 45 soils w a s examined for t h r e e years with m a i z e 
as the ind ica tor p lan t . The concen t ra t ion of m o s t minerals in t h e d r y mat te r of m a i z e 
was found t o decrease with a n increase in t he y ie ld . Most of t he corre la t ions ca lcu la ted 
between t he yield and the y ie ld components (23 of a total of 29) were negative a n d 
significant . A t sites f avourab le for organic m a t t e r product ion smal le r quan t i t i e s of 
mineral subs t ances were r equ i r ed for the p r o d u c t i o n of a un i t a m o u n t of dry m a t t e r . 
This fac t is f a v o u r a b l e to a c e r t a i n extent , a t l ea s t f rom the p o i n t of view of crop p ro -
duct ion, since in t h a t case t h e a m o u n t of n u t r i e n t extract ion ( n u t r i e n t rep lacement ) t o 
be reckoned w i t h is smaller. O n t h e other h a n d , a n analysis of t h e components of t h e 
p lan t s on these na tura l ly fer t i le soils shows t h a t if t he microe lements are reduced t o a 
min imum t h e y l imit the deve lopmen t of still l a rge r yields. T h e f a c t t h a t the mic ro -
element c o n t e n t decreases w i t h t h e increase in y ie ld means t h a t t h e user, e.g. t h e l ive-
stock f a r m e r who feeds fodde r , is uncer ta in as t o t h e value of t h e components in t h e 
rations. Mate r ia l balance d i s tu rbances of a l i m e n t a r y origin occur r ing in cattle b r e e d i n g 
are due in la rge p a r t to large y ie lds deficient in microelements . The so lu t ion lies, n a t u r a l l y , 
in soil conserva t ion , tak ing t h e meso- and mic roe lements into cons idera t ion , r a the r t h a n 
in re tu rn ing t o t he extensive sy s t em of f a rming . 
The above s t a t emen t s ho ld t rue under f ie ld conditions as well . I n nat ional long-
t e r m fer t i l i za t ion tr ials the ma ize crops ob ta ined for two years f r o m four t r e a t m e n t s a t 
four growing sites were ana lysed . At Kesz the ly , when the d a t a of 24 plots were t a k e n 
into considera t ion , a correla t ion expressed b y t h e equa t ion Zn p p m = 25.7 — 0.099 q / h a 
was found be tween the zinc c o n t e n t of maize leaves and the a m o u n t of yield. In t he s a m e 
series of m e a s u r e m e n t s a t Mosonmagyaróvá r , t h e molybdenum c o n t e n t was f o u n d t o 
decrease w i t h an increase in y ie ld ; this cor re la t ion can be desc r ibed with the e q u a t i o n 
Mo p p m = 2.77 — 0.916 q /ha . These correlat ions defini tely do n o t m e a n tha t t he l a r g e r 
yield is " c a u s e d " by the lower microelement concentra t ion, because if the l im i t i ng 
elements are supplied a f u r t h e r increase in t h e y ie ld is observed. 
T e m p o r a r y and r a t i o n a l solutions exis t f o r the e l imina t ion of the g r a d u a l l y 
increasing microelement def ic iency. As long as no sat isfactory diagnost ic p r o c e d u r e s 
applicable t o regions and p l a n t species are ava i l ab le , the use of mu l t i - componen t mic ro -
element fer t i l izers is acceptable . These are m i x t u r e s of macro-, m e s o - and microe lement 
salts which are able to m a k e u p for a smaller e x t e n t of deficiency w h e n applied t h r o u g h 
the leaf. Fo r small producers w h o grow a v a r i e t y of plant species o n a small a r ea t h i s 
solution m a y be ra t ional and economical for a l ong t ime to come, as t h e costs of d iagnos i s 
would not he re funded . I n la rge farms, on t h e o ther hand, i t is nei ther r a t iona l no r 
economical fo r t he burden of a range of o ther e lements besides t h e missing copper , fo r 
example , t o be laid on t he p l a n t , the e n v i r o n m e n t and the f i n a n c i a l capacities of t h e 
fa rm. I t is a serious mis take t o th ink tha t seemingly small a m o u n t s (surpluses) of t h e s e 
go unnot iced b y any member of the nut r i t ion cha in . In addi t ion , i t is to be feared t h a t 
these mix tu re s , like the mine ra l and v i tamin p r e m i x e s used in l ives tock farming, will be 
used for a misconceived p reven t ion . One consequence of this p r ac t i c e , though n o t per -
haps the m o s t serious is an increase in the p r o d u c t i o n costs. 
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I n rat ional , economica l microelement nutr i t ion, w h i c h also protects t h e environ-
men t , on ly the yie ld- l imit ing or component - l imi t ing microe lements are suppl ied, toge ther 
wi th a v e r y slight s a fe ty surplus . The f u l f i l m e n t of the above condit ions is m a d e possible 
by a knowledge of b o t h t h e properties of soil and the r e q u i r e m e n t s of the p l a n t . 
T h e microelement levels of the soil t y p e s in Hunga ry a r e fair ly well k n o w n . While 
s t u d y i n g t h e natural v e g e t a t i o n of acid a n d calcareous s a n d y soils, alluvial soils, meadow 
soils, m a r s h y soils, a lka l i soils, l i t h o m o r p h o u s and b rown fo re s t soils and chernozem 
soils, m y colleagues a n d I were able t o general ize several character is t ic f e a t u r e s . For 
example , chernozems, ca lcareous a l luv iums, calcareous s a n d y soils, rendzines a n d the 
soils of t h e Hungar ian f e n s have a low manganese - supp ly ing capac i ty . In s a n d y a n d fen 
soils t h e copper levels a re low. The podzolic a n d brown fo res t soils have a poor moybde -
num-supp ly ing capaci ty . I n t he upper l aye r s of some alkali soils and those in t h e process 
of a lka l iza t ion boron m a y accumulate in dangerous a m o u n t s . Nobody claims (no t even 
the t r a d e p ropaganda) t h a t the same m i x t u r e should be app l i ed to all these soils. Yet . 
for lack of a bet ter so lu t ion or of exact d iagnoses , for the s a k e of convenience or d u e to 
sub jec t ive evaluat ions (e.g. t he crop has t u r n e d green) super f ic ia l solutions a re for the 
t ime be ing t he most f r e q u e n t . 
I n judging t he re la t ionship b e t w e e n microelement a n d plant it ha s n o t been 
realized sufficiently t h a t t h e microelement u p t a k e is phylogenet ical ly d e t e r m i n e d , is 
highly character is t ic a n d var ies with t h e t a x o n . The f ami ly t o which a p l a n t belongs 
can be de te rmined w i t h a high degree of probabi l i ty j u s t f r o m the ash of t h e p lan t . 
On t he o t h e r hand, t h e microelement compos i t ion and r e q u i r e m e n t of a p l a n t species 
can be predic ted to a good degree of a p p r o x i m a t i o n f r o m i t s taxonomic p lace . While 
s tudy ing near ly two t h o u s a n d species I f o u n d a high copper c o n t e n t , for e x a m p l e , in the 
Solanaceae , a high zinc c o n t e n t in the Sal icaceae , a low copper con ten t in the Abie taceae , 
a high m o l y b d e n u m c o n t e n t in the Resedaceae and F a b a c e a e a n d a low b o r o n con ten t 
in the Gramineae . Thus t h e copper d e m a n d of sunflower c o m p a r e d to t h a t of ma ize , or 
the b o r o n demand of a l f a l f a compared t o t h a t of the grasses, f o r example, are h ighe r by 
an o rder of magni tude . T h e manganese c o n t e n t of h o r n b e a m a n d oak is t w o o rde r s of 
m a g n i t u d e higher t h a n t h e manganese level of Acacia, etc. I n possession of such know-
ledge it is very risky t o recommend un ive r sa l p repara t ions . By s tudying 54 p lan t 
families, all natives of E u r o p e , I have d e m o n s t r a t e d t h a t t he v a r i a t i o n coeff icients of the 
mineral con ten t s in t h e d i f f e ren t t axons a r e much higher f o r t h e micro- t h a n for the 
macroe lements . This o b s e r v a t i o n also c o n f i r m s tha t in m a k i n g up for mic roe lement 
deficiencies a dist inction m u s t he made b e t w e e n the plants . 
T h e detection a n d te rmina t ion of microelement de f i c i en t conditions a re m a d e 
increasingly urgent by t h e present scarci ty of material a n d ene rgy . By a p p l y i n g exac t 
scientific me thods the e n e r g y of the sun — t h e only cheap sou rce of energy — could he 
bet ter u t i l i zed , thereby a l levia t ing our food problems. 
TULCZ, I.: I t h i n k t h a t the inc reas ing impor tance of the microe lements cannot be t h e sub jec t 
of c o n t r o v e r y , par t icu lar ly as f a rmyard m a n u r e can no longer replace microe lements in 
the q u a n t i t i e s in which t h e y are ex t r ac ted f r o m the soil b y t h e higher yields. I n my 
opinion examina t ions ca r r i ed out using leaf ana lys is are highly impor t an t . The l a b o r a t o r y 
ne twork n o w under c o n s t r u c t i o n will h a v e t h e impor tan t t a s k of giving su f f i c ien t in-
fo rma t ion t o the p roducers on these ques t ions . 
T h e helicopters n o w widely used for p l a n t protect ion purposes make i t possible 
to rep lace t r ace elements t h r o u g h the leaf d u r i n g the g rowth season. 
Fer t i l izer p r o d u c t i o n in Hungary shou ld develop in t h i s direction; t h e most 
f r equen t microelement deficiencies should be made up for b y adding t he necessary 
microe lements to the fer t i l izers . 
PÁL. GY.: If fer t i l izers are to he used according t o nu t r i en t needs, cul t ivated plants should be 
supplied d u r i n g the g rowth season with those k inds and a m o u n t s of nutrient w h i c h they 
require in order to p roduce t h e expected yield. On this basis, do you consider t h a t the 
quality of t he fertilizers n o w available in H u n g a r y is acceptab le , and are t h e f a r m s 
justified in making no dis t inc t ion between t he fertilizers accord ing to active agent con ten t , 
chemical ac t ion and l o n g - r a n g e effect? 
Ács , A.: I agree t h a t the incor rec t chemical compos i t ion and m e t h o d of appl icat ion of t he 
theore t ica l ly de termined a m o u n t of n u t r i e n t s cause losses t o t he national e c o n o m y 
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a m o u n t i n g t o several mill ion forints . I n th i s respect there is t o o much carelessness and 
lack of p roper p lanning . 
I t h i n k t h a t while t he qual i ty of H u n g a r i a n fer t i l izers is good, t h e y are not 
proper ly ut i l ized. One reason is the insuf f ic ien t choice of commercial ly ava i l ab l e fer-
tilizers, so t h a t t hey c a n n o t sat isfy special d e m a n d s . F u r t h e r difficulties conce rn ing the 
eff ic iency of fer t i l izat ion arise f rom the f a c t t h a t the special condit ions u n d e r w h i c h the 
nu t r i t i ve subs tances f i xed in t he fert i l izer become available t o p lan t s are n o t t a k e n into 
cons idera t ion . To give an ex t r eme example : in rice cu l t iva t ion ammonium s u l p h a t e is an 
eff ic ient fert i l izer, while n i t rogen appl ied in the form of n i t r a t e remains ineffect ive . 
The act ive subs tance of phosphorus ferti l izers can b e bound in d i f f e r e n t ways. 
I t depends on the t y p e of soil, and on i ts chemical and phys ica l propert ies , h o w these 
ac t ive subs tances are b o u n d , t h u s becoming unavai lable t o t h e plant. I n t h i s respect 
t h e exper t s f r o m the Agrochemical S t a t i ons could be of g r e a t assistance. 
The large-scale mix ing of fer t i l izers before app l ica t ion still leaves m u c h to be 
desired. Similar object ions can be raised aga ins t the w a y in which the fe r t i l izers are 
spread . The high capac i ty fertilizer d i s t r i bu to r s used on la rge fa rms do n o t ensure 
u n i f o r m appl ica t ion . A n d this is crucial fo r eff icient fer t i l iza t ion . The e l imina t ion of this 
deficiency should be t he a im of t echnica l deve lopment . H i g h ou tpu t a n d even dis-
t r i bu t ion ! 
BARACS, J . : AS fa r as we know, t he H u n g a r i a n - m a d e mono-fer t i l izers current ly ava i l ab le do not 
a lways reach the qua l i ty required for t he up - to -da t e mach ines . The only e x c e p t i o n s are 
t he 3 4 % a m m o n i t r a t e p roduced by t he Tisza Chemical Combina te , and t h e ca rbamide 
m a d e a t Pé t . The f a r m s should dis t inguish between t he fer t i l izers according t o active 
agent con t en t , chemical act ion and d u r a t i o n of act ivi ty . Th i s is why t he d e m a n d for 
g ranu la r supe rphospha te , and pa r t i cu la r ly for simple supe rphospha te is decreasing, 
while t h a t for t r ip le -phospha te shows a r is ing tendecy. A n o t h e r problem is t h a t none of 
t he cu r ren t ly avai lable n i t rogen fert i l izers has a suff ic ient ly long-term ac t ion . The dry 
fert i l izers m a n u f a c t u r e d a t the P e r e m a r t o n Chemical E n t e r p r i s e ( P e r e m a r t o n ) and the 
Tisza Chemical Works (Szolnok), as well as t h e mixed fer t i l izers produced b y means of 
cold g ranu la t ion a t t he same factories do no t meet the q u a l i t y r equ i rements (uniform 
size of grain, resis tance t o crumbling, cor rec t composi t ion of act ive agents) of t h e farms 
ei ther . I t should also be ment ioned t h a t ca lc ium should be l is ted among t h e fertil izers 
and given all the price preferences e n j o y e d b y the fert i l izers. The gradual acidif icat ion 
of t he soils means t h a t l iming is badly needed . 
BAYER, F . : T h e unskil led use of s ta te subsidized fertilizers r ep re sen t s a great w a s t a g e . I t is 
u n p a r d o n a b l e to app ly ferti l izers w i t h o u t dist inction as t o t he active a g e n t content , 
chemical (e.g. acidifying) act ion or l ong- t e rm effect. So it is a very good t h i n g tha t 
specialists f r o m the P l a n t Protec t ion a n d Agrochemical C e n t r e of the Min is t ry of Agri-
cul ture and Food are now working on t h e p ropaga t ion of cor rec t fer t i l izat ion techniques 
all over t he coun t ry . 
ВЕКЕ, F. : The new sys tem of soil analysis will no d o u b t give an answer to this q u e s t i o n within 
a few years . If t he n u t r i e n t supply is t o be economical on va r ious types of soils, simple 
fert i l izers will also be needed . Ef f ic iency is an i m p o r t a n t f ac to r in q u a n t i t a t i v e crop 
p roduc t ion . 
ВЕКЕ. I. : The qua l i ty of the H u n g a r i a n fert i l izers avai lable at p r e s e n t leaves much t o be desired* 
b u t even these fert i l izers are not p r o d u c e d in sufficient quan t i t i e s and t h e r e are also 
m a r k e t i n g problems. 
The pract ice whereby no d is t inc t ion is made b e t w e e n the ferti l izers as regards 
act ive agent con ten t , chemical act ion a n d long-term effec t is out-dated a n d un tenab le 
in t he long run . 
This incorrent pract ice can be t r a c e d back to 
— a re la t ively l imited range of fer t i l izers , 
— t h e absence of re levant l i t e r a tu re , and 
— a shor tage of professionals t r a i n e d for this special purpose. 
A more realist ic a n d economic s y s t e m of fer t i l iza t ion requires s t r i c te r technolo-
gical discipline and a more ra t ional use of fertilizers on t h e farms. In a d d i t i o n , a fer-
t i l izat ion p r o g r a m m e based on soil analyses , an adequate r a n g e and amount of fertilizers, 
and t h e necessary technica l condit ions fo r fertilizer s to rage and d i s t r ibu t ion are also 
indispensable . 
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BuzÁS, I.: W h e n f e r t i l i z e r s are s u p p l i e d according t o t h e n u t r i e n t r e q u i r e m e n t s of t h e c r o p a 
sharp d i s t i n c t i o n should be m a d e be tween t h e c o n c e p t of n u t r i e n t d e m a n d ( r equ i r e -
ment ) a n d t h a t of fertil izer d e m a n d ( r e q u i r e m e n t ) . 
By n u t r i e n t demand w e m e a n the a m o u n t of nu t r i en t t a k e n u p a n d used b y t h e 
p lan t for t h e p r o d u c t i o n of t h e p l a n n e d yield. T h e a m o u n t of f e r t i l i z e r t o he a p p l i e d is 
dif ferent . T h e q u a n t i t y of n u t r i e n t s present in t h e soil, the n u t r i e n t - f i x i n g c a p a c i t y of 
t h e soil, a n d pos s ib l e losses m u s t also be t a k e n i n t o cons idera t ion . T h e fert i l izer d e m a n d 
m a y t h u s b e e i t h e r higher or l o w e r t h a n the n u t r i e n t d e m a n d : i t is, in f a c t , the a m o u n t of 
nut r ient b y w h i c h the n u t r i e n t r e q u i r e m e n t of t h e p l a n t can be m e t u n d e r t h e g i v e n 
condit ions. 
A c c o r d i n g l y , nu t r i en t s s h o u l d not be a p p l i e d in t h e p r o p o r t i o n s d e m a n d e d b y t h e 
p lan t ; t he n u t r i e n t compos i t ion of t h e fert i l izer s h o u l d he d e t e r m i n e d so as to d e v e l o p 
a ra t io of a v a i l a b l e nu t r i en t s i n t h e soil su i t ed t o t h e n u t r i e n t r e q u i r e m e n t s of t h e 
p lan t . 
If b y " f e r t i l i z e r a p p l i c a t i o n according t o t h e n u t r i e n t r e q u i r e m e n t " the a b o v e is 
mean t , it is i n d i s p e n s a b l e to m a k e a d is t inc t ion b e t w e e n the fe r t i l i ze rs a s t o ac t ive a g e n t 
conten t , c h e m i c a l act ion a n d l o n g - t e r m effect . I t is n o t , however , i n t h e f a r m t h a t d i f -
fe ren t ia t ion m u s t s t a r t ; the l o n g - r a n g e d e v e l o p m e n t p l ans of t h e f e r t i l i z e r i n d u s t r y a n d 
t r a d e m u s t b e m a d e accord ing ly . 
The f e r t i l i z e r t r ade m u s t n o t be allowed t o s a t i s f y only t h e a c t i v e agent d e m a n d 
of the f a r m , b u t t o refuse t o s u p p l y ferti l izers i n t h e combina t i ons o r d e r e d . 
The e x p e r t advice g iven t o t h e f a rms on f e r t i l i z a t i o n shou ld i n c l u d e proposa ls f o r 
t he type of f e r t i l i z e r to be u s e d u n d e r the local cond i t i ons , a f t e r a s t u d y of each f i e ld 
separately. 
For t h e l a s t two years i m p o r t a n t measu re s h a v e been t a k e n i n all th ree s p h e r e s 
ment ioned a b o v e . A n o u t s t a n d i n g ro le in shap ing t h e long-range d e v e l o p m e n t p l ans h a s 
been given t o t h e P l a n t P r o t e c t i o n a n d Agrochemica l Centre of t h e M i n i s t r y of F o o d a n d 
Agricul ture , w h i c h r ight f r o m t h e beginning h a s u r g e d t he fer t i l izer t r a d e t o sa t i s fy t h e 
demands w i t h a w i d e range of f e r t i l i z e r s of an a d e q u a t e qual i ty . I n t h i s w a y t h e y w i s h e d 
t o serve t h e i n t e r e s t s of the f a r m e r s . 
At p r e s e n t t h e P lan t P r o t e c t i o n and A g r o c h e m i c a l Centre , w i t h t h e ass is tance of 
t h e best t h e o r e t i c a l and p r a c t i c a l e x p e r t s in t h e c o u n t r y , is work ing o n t h e i m p r o v e m e n t 
and s t a n d a r d i z a t i o n of the f e r t i l i z a t i o n advisory se rv ice . 
DEBRECZENI, В.: A t t h e presen t a v e r a g e level of fe r t i l izer c o n s u m p t i o n i n H u n g a r y 300 k g / h a 
N P K , a r o u n d 1.5 mill ion t o n s of N P K active i n g r e d i e n t , are used e a c h y e a r . A p a r t f r o m 
supplying t h e p l a n t s with n u t r i e n t s this large q u a n t i t y of c h e m i c a l subs tances m a y 
induce m a n y h a r m f u l chemical p rocesses in t h e soil a n d e n v i r o n m e n t . I t is t h e r e f o r e 
ext remely i m p o r t a n t to have e x a c t knowledge of t h e chemical c o m p o s i t i o n and phys i co -
mechanical p r o p e r t i e s (qua l i ty ) of t h e fert i l izers. T h e qua l i ty of t h e H u n g a r i a n - m a d e 
simple and c o m p l e x solid f e r t i l i z e r s cur ren t ly u s e d is o f t e n below s t a n d a r d . The r a i s i n g 
of these s t a n d a r d s a n d the s t r i c t c o n t r o l of q u a l i t y a r e i m p o r t a n t t a s k s . I t follows t h a t 
closer c o - o p e r a t i o n is r equ i red b e t w e e n m a n u f a c t u r e r s and u s e r s w i t h a v iew t o a 
realistic d e t e r m i n a t i o n of t h e q u a n t i t a t i v e a n d q u a l i t a t i v e r e q u i r e m e n t s and c r i t e r i a . 
The q u a l i t y of the f e r t i l i ze r decisively i n f l u e n c e s t he whole p r o c e s s of u t i l i za t ion : 
t r a n s p o r t a t i o n , s t o r age , mix ing , w a y s and m e a n s of d i s t r ibu t ion , c o n v e r s i o n and eff ic i -
ency of f e r t i l i ze r s . Most fe r t i l i zers h a v e , ei ther d i r e c t l y or ind i rec t ly , a g rea te r or lesser 
acidifying e f f e c t o n t he soil, as a r e s u l t of the f r e e a c i d con ten t , or of t h e physiologica l , 
biological a n d so-cal led a d s o r p t i o n a n d leaching a c i d i t y . The r i g h t q u a l i t y of fe r t i l i ze r 
m u s t t he re fo re b e chosen and a p p l i e d , tak ing t h e t y p e and chemica l r e a c t i o n of t h e soil 
in to cons ide ra t i on . To avoid t h e f u r t h e r ac id i f ica t ion of acid soils i t is e x p e d i e n t t o l ime , 
or to use t h e l i m e i ndex for n i t r o g e n fertilizers. Of all t h e p h y s i c o - m e c h a n i c a l p r o p e r t i e s 
of the fer t i l izers i t is pa r t i cu l a r ly i m p o r t a n t to k n o w t h e value of t h e so-called c r i t i ca l 
re lat ive h u m i d t y ( C R H ) , t h a t is, t h e poin t at w h i c h t h e subs tances de l iquesce , in o r d e r 
t o be able t o s t o r e a n d mix t h e f e r t i l i ze r s p rope r ly . 
H u n g a r i a n f a r m e r s are g e n e r a l l y famil iar w i t h t h e m a j o r n u t r i t i v e e lements of t h e 
fertil izer a c t i v e ingred ien ts , a n d t a k e t h e m i n t o cons ide ra t i on , s ince w i t h o u t t h i s t h e 
necessary a m o u n t of fertilizer c a n n o t be d e t e r m i n e d . Less a t t e n t i o n is p a i d , however , t o 
t h e form a n d so lub i l i t y of t h e a c t i v e agent c o m p o u n d s , and t h u s t o t h e processes b y 
which they a r e t r a n s f o r m e d in t h e soil. Apa r t f r o m t h e m a j o r a c t i v e ingred ien t s m a n y 
simple fe r t i l i zers a lso conta in a r a n g e of secondary n u t r i t i v e e l emen t s (Ca, Mg, S 0 4 ) a n d 
dispensable s u b s i d i a r y e lements (Cl , N a , Si, etc .) . T h e long- te rm e f f e c t of fe r t i l i za t ion , 
t h a t is, the a f t e r - e f f e c t , which m a y l a s t several y e a r s is not usua l ly r e c k o n e d wi th , b u t 
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in t he in tegra ted na t iona l advisory service on fert i l ization wh ich is to be set u p , due 
a t t e n t i o n should be pa id to this impor t an t f ac to r . 
HARASZTI, E . : In order to use the fertilizers according to the n u t r i e n t requi rements of t he 
p l a n t s a dis t inct ion m u s t be made be tween t h e fertil izers as t o the i r effective s u b s t a n c e 
c o n t e n t , chemical ac t ion and long-term ef fec t . In general, t h e more the user k n o w s 
a b o u t t he nu t r i en t d e m a n d of the cu l t iva ted p l a n t and the p roper t i e s of the fe r t i l i zer 
avai lable , the be t t e r he can use them as a " s t r a t eg i c w e a p o n " in order to a t t a i n large 
yields. 
HARMATI, I . : The qual i ty and composit ion of the c u r r e n t Hungar i an ferti l izers does n o t m e e t 
t he r equ i r emen t s of u p - t o - d a t e fert i l ization in several respects: 
1) Owing to t h e uneven grain size a n d t he f requent st ickiness of m o n o - a n d 
complex fertil izers, u n i f o r m dis t r ibut ion c a n n o t be a t ta ined . 
2) The q u a n t i t a t i v e ra t io of mono- t o complex fert i l izers is poor. Much la rger 
a m o u n t s of complex fer t i l izer are needed (a t reasonable prices) t o eliminate unsa t i s -
f a c t o r y mixing and to p romi t e the un i fo rm d is t r ibu t ion of fer t i l izers . 
3) The a s so r tmen t of complex fer t i l izers is not suf f ic ient ly wide. Complex fer-
ti l izers should be p roduced in which t he r a t i o of active ingred ien t s is a d a p t e d t o the 
n u t r i e n t demands of t he m a j o r crops, t a k i n g t h e N P K levels of t h e soils into cons ide ra -
t ion . Besides the macroe lement s certain microe lements should also perhaps he inc luded . 
4) Ni t rogen fert i l izers containing C a C 0 3 and MgC0 3 a re scarce in H u n g a r y , 
t h o u g h these are par t i cu la r ly necessary for acid soils (2.5 mil l ion ha). A m m o n i u m 
n i t r a t e and ca rbamide f u r t h e r increase t h e ac id i ty of the soil, so they are m u c h less 
eff ic ient t h a n calcareous fertilizers. 
The e l iminat ion of these deficiencies would be a big s t ep fo rward . 
Someth ing m u s t also be done abou t t h e f a c t t h a t a cons iderable p ropor t ion of the 
f a r m s do not t ake p rope r care to see t h a t t h e t ypes , amoun t s a n d ra t ios of the fe r t i l izers 
used arc adap ted to t h e condit ions of the f a r m a n d to the crop in quest ion. This is p a r t l y 
due t o the fac t t h a t t h e y are not suff ic ient ly fami l ia r wi th t h e n u t r i e n t d e m a n d s of the 
p l a n t s and the soluble N P K contents of the i r soils, or wi th t h e t ypes of commerc ia l ly 
avai lable fertil izers a n d the i r physiological effects . On the o t h e r hand, t h e y c a n n o t 
a lways buy wha t t h e y would like to , when t h e y need to. W i t h t he extension a n d im-
p r o v e m e n t of the advisory service some of these problems will be solved. 
I n addi t ion, closer co-ordinat ion of t h e interests of t h e manufac tu r ing i n d u s t r y , 
t r a d e r s and users is indispensable. 
HELMECZI, В. : The exper imen ta l me thods used to de t e rmine the n u t r i e n t contents of soils and 
t he n u t r i e n t r equ i r emen t s of plants , and t he resul t s of small p lo t field e x p e r i m e n t s are 
no t y e t reliable enough to jus t i fy the ob jec t ions raised aga ins t t he practice of us ing 
fer t i l izers uni formly , i r respect ive of the i r q u a l i t y . At present t h e errors or iginat ing f r o m 
a u n i f o r m appl ica t ion of fertil izers are h a r d l y likely to be g r ea t e r t h a n those c a u s e d by 
t he deficiency of t he m e t h o d s of de t e rmin ing the fertilizer doses. The e x p e r i m e n t a l 
m e t h o d s mus t be improved and the ca lcula t ions made more accura t e before t h e f a r m s 
c a n be obliged t o m a k e a dist inction be tween t h e fertilizers on t h e basis of q u a l i t y and 
composi t ion. 
HUSTI, M.: Fert i l izers should be used so as to sa t i s fy t h e nu t r ien t r equ i r emen t s of c rops du r ing 
the vege ta t ion per iod. Since fert i l izat ion c a n n o t always be car r ied ou t during t h e vege ta -
t ion per iod, b o t h slow- and quick-act ing fert i l izers should be applied. The chemica l 
r eac t ion of the soil in d i f ferent agr icul tura l a reas varies, so ferti l izers wi th d i f f e r en t 
chemical react ions are needed . Most of t he commercia l ly avai lable fertilizers do n o t mee t 
t h e r equ i r emen t s of u n i f o r m dis t r ibut ion a n d sat isfactory s to rage . At the p r e s e n t level 
of technology pulver ized fertilizers canno t be evenly d i s t r i bu t ed . A large n u m b e r of 
g r anu l a t ed fert i l izers can only be used a f t e r gr inding. This involves extra costs fo r the 
f a r m , and even so t h e mater ia l ob ta ined will not he homogeneous . According t o our 
p resen t knowledge u n i f o r m nu t r i en t d i s t r ibu t ion cannot be achieved wi th s u c h fer-
t i l izers. E v e n when t he grea tes t care is t a k e n the re is a 20 — 3 0 % margin of e r ro r . This 
is inadmissible when t he nu t r i en t m a n a g e m e n t is based on soil a n d leaf analyses. 
KEMENESY, E . : The mos t d i f f icul t problem involved in supplying var ious kinds of fer t i l izer 
( N P K ) lies in de te rmin ing the ra te and m a n n e r of d is t r ibu t ion of nitrogen fe r t i l i za t ion . 
P h o s p h o r u s and po t a s s ium fertilizers are h a r d l y leached at all, a n d labora tory ana lyses 
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give s o m e informat ion as t o t h e ra te which shou ld be applied. Moreover, by giving an 
overdose of P and К the n u t r i e n t level of t h e soil can be increased. Nitrogen fert i l izers, 
however, a r e exposed to t h e danger of l each ing , and when t h e y are supplied in over-
large q u a n t i t i e s they m a y cause a yield depress ion . 
F o r methodological r easons the p r o b l e m s involved can be elucidated b y t a k i n g 
two p l a n t s w i t h different d e m a n d s as examples . 
1) W h e a t and n i t rogen . 
W h e a t is the crop w h i c h reacts most sensi t ively to n i t rogen fert i l izat ion, because 
there is less t ime between t h e removal of t h e pre-crop and t h e sowing of whea t fo r the 
decompos i t ion of root r e s idues of various sizes a n d qualities (C — N ratio). 
N i n e t e e n years ago a t t h e exper imenta l s t a t ion of the Kesz the ly ins t i tu te (b rown 
forest soil f o r m e d on loess, p H 6.9, annua l p rec ip i ta t ion 720 m m , mean a n n u a l t em-
pera ture 9.8°C) pre-crop e x p e r i m e n t s were ca r r i ed out on t w o occasions wi th 24 pre-
crops a n d t h r e e e main c rops . Table 1 only shows the effect of various pre-crops on 
wheat. I t w a s found t h a t t h e s e could be a r r a n g e d in a cer ta in o rder . At the same t ime , 
for methodolog ica l reasons n o organic or a r t i f i c ia l fertilizers were used, and t he win te r 
wheat w a s s o w n on the s a m e d a t e after all t h e pre-crops. This was done in order t o m a k e 
the so-cal led theoretical p r e - c r o p value of t h e cul t iva ted crop as clearly visible as pos-
sible. I t w a s interesting t o see the range of co lours f rom yel lowish green to f ierce green 
caused b y t h e different p re -c rops , which r e f l ec t ed the e x t e n t of t h e ni trogen supp ly . 
I t was f o u n d t h a t while w i n t e r wheat showed an average of 3 7 % yield f l u c t u a t i o n as a 
response t o t h e 24 pre-crops, w i t h spring crops , no tab ly in spr ing bar ley, t h u s d i f ference 
was only 1 6 % , and in a c o m b i n a t i o n of grass a n d clover it was as low as 7 % . This can be 
explained b y the fact t h a t whi le in the case of whea t , as a n au tumn-sown crop, t h e 
nitrogen is t i e d up in the decompos i t ion of t h e p l a n t residues of t h e different pre-crops, 
with t h e s p r i n g crops t h e s e processes are n e a r i n g complet ion (sowing on 2nd April) . 
A f u r t h e r r e a s o n is t h a t t h e differences in t h e e x t e n t to which t h e pre-crops dry o u t t h e 
soil more or less disappear b y t h e t ime spring c rops are sown, owing t o a u t u m n p loughing 
and t he s u b s e q u e n t win te r precipi ta t ion. I n t h e combinat ion of grass and clover the 
effects of p re -c rops were e v e n less perceptible t h a n in the case of spring barley, because 
one of t h e p a r t n e r crops w a s clover which is k n o w n to be less sensitive to occasional 
nitrogen deficiencies. 
O u r resu l t s were c o n f i r m e d by L. K r e y b i g ' s s ta tement t o t h e effect t h a t t h e more 
fertile t h e soil , and in p a r t i c u l a r the higher i t s N-supplying c a p a c i t y is, the smaller t he 
differences i n t he a f te r -e f fec t s between good a n d b a d pre-crops will be, because a soil 
rich in n i t r o g e n is less a f f e c t e d b y the n i t rogen f i xa t i on occurr ing dur ing the dis in tegra-
tion of r o o t s of unfavourab le composit ion. 
T h e yie ld difference b e t w e e n the two e x t r e m e l y coloured w h e a t s (yellowish green 
and f ierce g reen) was 396 k g / h a . If the effects of t h e different sowing t imes and r ipen ing 
possibilities h a d also been t a k e n into accoun t , these differences would have been still 
greater. T h i s suggests t h a t s h a r p distinctions shou ld be made in t h e amoun t of n i t rogen 
supplied t o var ious crops. 
a ) O p t i m u m rate a n d dis t r ibut ion of n i t r o g e n fert i l ization. F a r m e r s are in te res ted 
in ob ta in ing as large a yield as possible. At suf f ic ien t ly high p h o s p h o r u s and p o t a s s i u m 
levels t h i s c a n be achieved m o s t efficiently b y applying an o p t i m u m ra te of n i t rogen 
fer t i l izat ion. T o this end a g r e a t number of n e g a t i v e and posi t ive f ac to r s mus t be t a k e n 
into a c c o u n t , which af ter d u e considerat ion m a y give some h in t of how to app roach t he 
op t imum r a t e of nitrogen, appl ica t ion . An ove rdose of ni t rogen increases the dange r of 
lodging, a n d makes the p l a n t s more suscept ib le t o pathogens. The re is also a r isk in-
volved in t h e unknown w e a t h e r conditions. 
B r e e d e r s are faced w i t h t he problem of developing var ie t ies with greater s t a n d -
ability a n d increased res i s t ance to pa thogens , which also sa t i s fy other r equ i remen t s . 
This t a sk is b y no means e a s y , because in t h e m a j o r i t y of cases opposing corre la t ions 
must be o v e r c o m e . 
b) Agrotechnics a n d n i t rogen rates. I n de te rmin ing t he a m o u n t of n i t rogen t o be 
supplied t h e following agro techn ica l aspects m u s t also be t a k e n into cons idera t ion: 
— t h e qual i ty of t he soil prepara t ion , b y m e a n s of which t h e degree of n i t r i f ica-
t i o n can be increased . In addit ion, soil f ree of l u m p s also reduces t he danger 
of lodging; 
— t h e op t imum r a t e of ni t rogen fe r t i l i za t ion also depends on t he date of sowing. 
D e l a y e d sowing c a n be corrected s o m e w h a t by supp ly ing an ex t ra dose of 
n i t r o g e n early in sp r ing ; 
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Table 1 
Relative pre-crop effects with winter wheat 
as main crop Keszthely (two-year average) 
1. Legumes 
ve t ch 112 
lent i l 106 
sand pea 103 
pea (Express) 100 
dwarf bean 94 
soybean 78 
average wi thou t soybean 103 
2. E a r l y pre-crops 
r a p e 98 
m u s t a r d 98 
mix tu re of oat a n d ve tch 96 
oil f l a x 90 
p o p p y 90 
average 94.6 
3. L a t e pre-crops 
maize sown th ickly fo r fodder 88 
h e m p 86 
sunflower for silage 84 
maize for silage 82 
S u d a n grass 79 
average 83.8 
4. Cereals 
r y e 86 
o a t 85 
win te r barley 83 
win te r wheat 80 
spring barley 79 
average 82.6 
5. R o w crops 
ea r ly potato 91 
l a t e po ta to 85 
ear ly maize 85 
average 87 
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— t h e previous app l i ca t ion of organic m a n u r e (including a l fa l fa and clover), 
w h i c h m a y improve t h e porosi ty of t h e soil and develop a b e t t e r soil s t ruc ture , 
t h u s making the w a t e r regime more f a v o u r a b l e ; 
— t h e early removal of pre-crops renders a ma tu r ing soil cu l t iva t ion possible. 
T h e s tubble fields of leguminous crops con t a in a surplus of nitrogen (30 — 50 
k g / h a ) wi th the add i t i ona l advan tage t h a t the ni t rogen is no t supplied sud-
d e n l y as in the case of fertilizers, b u t con t inuous ly , t h o u g h i n small quant i t ies , 
a l m o s t u p to t he e n d of t he growth season , according t o t h e requirements of 
t h e whea t . This is p e r h a p s why peas h a v e a par t icular ly good yield-increasing 
a n d qua l i ty - improv ing effect as p re -c rops , even if th i s is augmented w i t h 
N-fer t i l iza t ion. 
c) W h e n should n i t rogen be supplied and o n how m a n y occas ions? The n i t rogen 
demand of w h e a t varies accord ing to the p h e n o p h a s e , and is h ighes t in the last phase , 
f rom shoo t ing t o grain r ipening. I n the developed count r ies n i t rogen is supplied on t w o , 
or somet imes th ree occasions: immedia te ly a f te r sowing or dur ing t h e winter frosts, t h e n 
at t i l lering, a n d finally a t t h e beginning of shoo t ing . E x p e r i m e n t a l results show t h a t 
divided n i t r o g e n fer t i l izat ion n o t only results in y ie ld surpluses (2 — 3 q /ha ) but may also 
lessen the d a n g e r of lodging a n d increase to some e x t e n t the g lu ten c o n t e n t of the w h e a t . 
To follow t h i s me thod in i ts e n t i r e t y might not be advisable in H u n g a r y because of t h e 
f requent d r y periods and h e a v y soils. On the o t h e r h a n d , addi t ional n i t rogen appl icat ion 
to poorly developing whea t s is bes t carried ou t du r ing tillering. I t should also be em-
phasized t h a t , besides t he ob j ec t i ve factors t h a t inf luence the n i t r ogen ferti l ization of 
wheat, obse rva t ions made b y expe r t s are also i m p o r t a n t , as t h e de te rmina t ion of t h e 
min imum N con ten t of t he soil cont inual ly changes , depending on t h e weather . 
d) Al fa l fa as a pre-crop fo r wheat . A c o n t i n u o u s N supply t o whea t can best be 
solved w i t h a l fa l fa as the p re -c rop . There are, h o w e v e r , certin cond i t ions to this, n a m e l y , 
the last cu r r ing , which is u sua l ly t h e smallerst a n y w a y , mus t be o m i t t e d , and the a l fa l fa 
field m u s t n o t , of course, be overgrown by weeds . The alfalfa m u s t be ploughed o u t 
early if t h e soils are to be p rope r ly prepared. I n t h i s case the n i t r ogen contained in t h e 
organic r e s idues of alfalfa will be equal to t h a t f o u n d in fairly good qual i ty f a r m y a r d 
manure. T h e emphasis should be laid on a c o n t i n u o u s supply of n i t r ogen up to the e n d 
of the w h e a t vegeta t ion pe r iod . 
P l o u g h i n g out should be carried out in A u g u s t wi th a shal low plough adjus ted t o 
a working w i d t h as large as possible so t h a t t h e green par t of t h e slice cut off will fa l l 
to the b o t t o m of the fu r row. T h e field thus s t r i p p e d is immedia te ly worked over wi th a 
ring-roller a t t a c h e d to t he p l o u g h , so as to m a k e t h e decomposi t ion of organic res idues 
as eff ic ient as possible. This process of decompos i t ion takes place n o t only in the slice 
of soil cu t o f f , b u t also in t h e roo t r emnan t s l e f t in t he subsoil, s ince t h e y are also d e a d . 
After severa l weeks of decompos i t ion the soil shou ld be worked w i t h a disc, or some o t h e r 
suitable a d a p t e r , crosswise t o t h e direction of p loughing , in order t o b reak the decayed 
mat t e r i n t o small pieces, a n d t h e n with a rol ler t o assist t he decomposi t ion f u r t h e r . 
After a f e w weeks the organic m u l c h thus deve loped is given a c o m b i n e d ploughing a n d 
rolling. Soil t r e a t e d in this m a n n e r is perfect ly m a t u r e (na tura l ly , suff ic ient phosphorus 
and p o t a s s i u m fertilizer t o l a s t fo r several yea r s m u s t be d i s t r ibu ted before ploughing). 
This m e t h o d of ploughing m a y require more w o r k , b u t it is still economical because of 
its o u t s t a n d i n g effectiveness. Th i s method was a l r eady being used in t h e thirties. I n ex-
per iments carr ied out in 1951 a t Keszthely t he y ie ld was charac te r ized by the fol lowing 
relative f igures : 
a f t e r p loughing d o w n once in late a u t u m n 100 
a f t e r ma tu r ing soil p r e p a r a t i o n 122 
M e n t i o n should also be made of t he i m p o r t a n c e of slow act ion N-fert i l izers. 
Owing t o t h e i r slow act ion these fertilizers m a i n t a i n their n i t rogen-supplying c a p a c i t y 
t h roughou t t h e growth season . They are ca rbamide -a ldehyde condensa te s put on t h e 
marke t u n d e r var ious n a m e s (Urea fo rm, N i t r o f o r m , Formur in . e tc . ) . They are of special 
impor tance on light soils in crops with a n i t r o g e n demand w h i c h is highest in t h e 
generat ive phase (wheat , maize) . 
F ina l ly , if the o p t i m u n ni trogen demand of whea t had to be determined numer ic -
ally it w o u l d no t be a g rea t m i s t a k e to say t h a t i t ranges f rom 80 to 180 kg/ha ac t i ve 
agent d e p e n d i n g on the local condit ions, t he s t andab i l i t y of t h e v a r i e t y , the p re -c rop , 
the agro techn ica l level and t h e sowing date. I n o t h e r words, g rea t care must be t a k e n in 
de te rmin ing t he dose of N fer t i l izer . 
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2) Ni t rogen fer t i l izat ion of a lfalfa . 
Opinions d i f fe r great ly b o t h in H u n g a r y and a b r o a d wi th regard t o t h e ni t rogen 
fer t i l izat ion of a l fa l fa . Agricul turis ts v e r y o f ten d r a w general conclusions f r o m their 
local experiences a n d exper imenta l resul ts . The fol lowing directives m a y he lp to settle 
t he quest ion of t h e ni t rogen supply t o a l fa l fa : 
Alfalfa, l ike m o s t papil ionaceous crops, has a h igh n i t rogen r equ i r emen t , pe rhaps 
t he highest of all t h e papil ionaceous p lan t s , p robab ly because it p roduces t h e largest 
q u a n t i t y of p r o t e i n per uni t area. 
Alfalfa covers i t s nitrogen r equ i r emen t s f rom t w o sources: 
a ) t h r o u g h t h e n i t rogen-supplying capaci ty of t h e soil, and 
b) self-suff ic ient ly , t h rough t h e ac t iv i ty of rh izob ia . 
On not excessively heavy soils r ich in n i t rogen ( h u m u s ) where the cond i t ions are 
f avourab le for t h e ac t iv i ty of rhizobia a n d for nodule f o r m a t i o n , alfalfa does n o t require 
n i t rogen fe r t i l i za t ion , as it is able t o cover i ts n i t rogen r equ i r emen t s fu l ly f r o m the two 
sources men t ioned above . This does no t , of course, m e a n t h a t alfalfa wou ld n o t respond 
to ni t rogen fe r t i l i za t ion even u n d e r such favourab le condi t ions. Due t o i ts ni t rogen 
hunge r it i m m e d i a t e l y absorbs the offered nu t r i en t , a t t h e expense, however , of reducing 
i ts ni t rogen-col lect ing act ivi ty , i.e. t h e f ree N p roduc t ion . This suggests t h a t u n d e r such 
favourab le cond i t ions there is no sense in supplying n i t rogen even if t h i s p roduces a 
slight effect , because th i s means t h a t t he highly useful , f r ee rhizobium a c t i v i t y will not 
be exploi ted. T h e avai lable n i t rogen fert i l izer supplies would be be t te r u s e d for non-
papi l ionaceous crops . Thus , wi thin t h e f a r m the n i t rogen fertil izers m u s t be u s e d where 
t h e y will be t h e m o s t product ive f r o m the point of v iew of t he to ta l o u t p u t of t h e f a rm. 
Of course, if c h e a p n i t rogen ferti l izers were available in a b u n d a n c e it would be easier to 
dispense wi th t h e assistance of t he rhizobia . I n some regions of the U n i t e d S ta t e s , for 
example , n i t rogen fert i l izers are regula r ly supplied t o a l fa l fa even where, according to 
our more classical v iews, it is not jus t i f i ed . 
In m a n y cases , of course, t he n i t rogen fer t i l iza t ion of alfalfa may be b o t h jus t i f ied 
a n d economical. These are: 
— when t h e n i t rogen-supplying capac i ty of t h e soil is low, such as in t h e light-
coloured soils wi th low h u m u s contents , a n d in those which are poor ly supplied 
wi th o rgan ic m a t t e r owing t o t h e low an ima l dens i ty ; 
— when t h e soil is too h e a v y a n d packed (e.g. m e a d o w clay, alkali soils, heavy 
forest soils), where, for lack of sufficient air , t h e act ivi ty of t h e rh izob ia and 
t he f o r m a t i o n of root nodules is not sa t i s fac tory . The extent of n o d u l e forma-
t ion c a n be assessed b y es tabl ishing the dens i ty of nodules a f t e r care fu l ly lift-
ing t h e r o o t s wi th a space f r o m the previous ly i r r igated soil; 
— u n d e r i r r iga ted conditions, w h e n t he N-supp ly ing capaci ty of t h e soil and the 
N-col lec t ing abili ty of t h e p l an t canno t , even toge the r , cover t h e fu l l ni t rogen 
r e q u i r e m e n t of the large yield t h u s ob ta ined . Such cases occur, f o r example , 
on i r r i ga t ed sandy soils poor in h u m u s (low N-supplying capac i t y ) and on 
ove r -heavy , irr igated m e a d o w clay soils (def ic ient nodule f o r m a t i o n due to 
lack of air) . 
— Ni t rogen fer t i l izat ion m a y be jus t i f i ed in old a l fa l fa fields where t h e N collec-
t ion has usua l ly declined. 
The cases l i s ted above are only direct ives as t o w h e n t he ni trogen be w a s t e d , and 
when it is not adv i sab le to economize on ni t rogen. The a c t u a l solution should h e decided 
on t he basis of s imple field trials. I t is only a f te r t hese h a v e been comple t ed t h a t a 
decision can be m a d e as to whether it is w o r t h apply ing n i t rogen fer t i l izat ion t o alfalfa , 
a n d if so, a t w h a t r a t e . This mus t be k n o w n pa r t ly in order t o main ta in t he f r ee N-collec-
t ion , and p a r t l y t o be able to approach t h e o p t i m u m r a t e of nitrogen app l ica t ion under 
given condit ions. I n an exper iment carr ied out a t K e s z t h e l y an a t t e m p t was m a d e to 
se t t le this ques t ion b y supplying 0, 50 and 200 kg /ha n i t rogen active agen t a t a pro-
por t iona te level of phosphorus and po tas s ium fer t i l iza t ion. E v e n these e x t r e m e ra tes of 
n i t rogen fer t i l i za t ion d id not produce s ignif icant differences . The differences in t he to ta l 
h a y yields for t h e 3 yea r s can be expressed b y the fol lowing relative f igures : 
N 0 N 50 kg /ha N 200 kg/ha 
100.0 102.7 102.9 
To clarify t h e quest ion pot expe r imen t s were also carr ied out and i t was found 
t h a t if ni t rogen was supplied beyond a cer ta in level i t r e su l t ed in the to ta l d i sappea rance 
of the rhizobia. 
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K i s s , A. S.: N u t r i e n t rep lacement should be ad jus ted accord ing to the crop a n d the expected 
yield on t he bas i s of soil analysis . Since the n u t r i e n t demand of t he p l a n t depends no t 
only on t he species b u t on t h e v a r i e t y too, p rope r fert i l izat ion ( a d j u s t e d to soil and 
crop) can, in m y opinion, only b e achieved wi th ind iv idua l fertilizers, or b y making u p 
complex fer t i l izers f rom indiv idual fertil izers in t h e r igh t proport ion. T h u s , no complex 
( N P K ) fer t i l izer can be universa l ly good, and we c a n n o t even speak of w h e a t or maize 
fertilizers, e tc . T o d a y it sounds exaggera ted t o speak of the n u t r i e n t d e m a n d of a 
par t icular v a r i e t y of wheat or m a i z e ; nevertheless , according to our inves t iga t ions t he 
nut r ient d e m a n d really ought t o b e b roken down t o th i s level. This is connec ted wi th t he 
ionophylous n a t u r e of plants , as po in ted out in a n earl ier publ icat ion of ours. 
Accord ing t o our inves t iga t ions the eff ic iency of fert i l ization is a f unc t i on of the 
sowing t ime , a m o n g other th ings . P l a n t s growing f r o m seeds sown a t t h e proper t ime 
utilize fer t i l izers be t te r , while t h o s e sown earlier or la ter require a la rger volume of 
fertilizer to a t t a i n t he same yield level. 
I f , fo r example , the d i f f e r en t acidifying a n d long-range effects of ni trogen fer-
tilizers are cons idered it is inadmiss ib le t h a t no d is t inc t ion is m a d e b e t w e e n t h e m as 
regards t he long- range effect of t he i r act ive agent c o n t e n t s and the e x t e n t t o which t h e y 
can be m i x e d . I t might be well w o r t h offering ex t ens ion t ra ining in n u t r i e n t replace-
ment to profess ional agricul turis ts . 
K i s s , A.: If fe r t i l i za t ion is to be carr ied o u t according t o t h e nut r ient r e q u i r e m e n t , the H u n -
garian fer t i l izers mus t have re l iab le active ing red ien t contents , chemical actions and 
storabil i ty. T h e qua l i ty of t he fer t i l izers should b e improved , and t h e f a r m s should be 
supplied w i t h ferti l izers which sa t i s fy the n u t r i e n t demand of t h e p l a n t dur ing t he 
growth season a n d ensure the long- t e rm effect. 
KOLTAY, A.: A cons iderable p ropor t ion of the fer t i l izers used are in powder fo rm and are 
delivered t o t h e f a r m in hulk. S u c h fertil izers b e c o m e l u m p y af ter a t ime , and can only 
be un i formly d i s t r ibu ted a f te r a n expensive p r e p a r a t i o n process. 
A n u p - t o - d a t e nut r ient s u p p l y involves t h e s imul taneous app l ica t ion of N P K and 
other necessary elements. The successive app l ica t ion of fertilizers w i t h a single act ive 
ingredient , or mix ing them immed ia t e ly before d i s t r ibu t ion , of ten leaves m u c h to be 
desired. I t is o f t e n impossible t o p rov ide the cond i t ions needed for mix ing if t h e requi red 
homogenei ty (g ra in size, ident ical specific weight , e tc . ) is to be ob ta ined . Consequent ly , 
the use of c o m p l e x fertilizers m i x e d in the f ac to ry will be of great i m p o r t a n c e unt i l t h e 
conditions fo r pe r fec t fertilizer p r e p a r a t i o n w i th in t h e f a rm are es tab l i shed , wi th pro-
perly mechan i zed fertilizer s tores . T h e g ranu la ted complex fertilizers con t a in the t h r ee 
main nu t r i t i ve elements a t a h igher concen t ra t ion , a n d may also con t a in the m a j o r 
microelements . Granula ted fer t i l izer is free of d u s t , does not stick t o g e t h e r and can be 
d is t r ibuted f a i r ly evenly with v a r i o u s kinds of imp lemen t s . The p r o d u c t i o n and util iza-
t ion of fer t i l izers m u s t he f u r t h e r improved in H u n g a r y . A point m u s t be reached where 
the active a g e n t content , compos i t ion and fo rm of t h e fertilizer p r o d u c e d will accord 
be t te r wi th t h e requi rements of t h e users. The q u a l i t y and packaging m u s t be improved , 
and loss-free s to rage and del ivery m u s t be ensured . Inaccura te t e chn iques and uneven 
dis t r ibut ion also reduce the ef f ic iency of the large a m o u n t s of fertilizer used . Uti l izat ion 
mus t be i m p r o v e d in every r e spec t . Nu t r i en t r e p l a c e m e n t mus t be developed into a 
system based o n regular soil a n d p l a n t analyses. 
KOVÁTS, A.: The m o r e ra t ional and economical the use of fertil izers is to be , t h e s tr icter t h e 
criteria for t h e qua l i ty of the fer t i l izer , as r ega rds b o t h its physical a n d chemical pro-
perties (ac t ive agen t content , chemica l action, l ong- t e rm effect). Some of the cur ren t 
Hunga r i an fer t i l izers do not m e e t these r equ i r emen t s , mainly because of the i r physical 
propert ies (g ra in size, coagula t ion, etc.). The H u n g a r i a n fertilizer f ac to r i es canno t be 
blamed exclus ive ly for this, as t h e available e q u i p m e n t only allows a ce r t a in p roduc t ion 
technology t o b e used. The aim of deve lopment shou ld be to improve t h e m a n u f a c t u r i n g 
of fertilizer, n o t only quan t i t a t i ve ly b u t also qua l i t a t ive ly . 
R a t i o n a l fert i l ization b a s e d on the n u t r i e n t requi rements of t h e p l an t and t h e 
fert i l i ty of t h e soil should pay increased a t t en t i on t o t h e type of fer t i l izer appl ied. This 
means t h a t a c t i ve agent c o n t e n t , chemical ac t ion a n d long-term e f fec t should all be 
taken into cons idera t ion . There m a y be di f ferent r equ i r emen t s wi th r e g a r d t o soil t ype , 
p H value, e tc . , a n d in some cases w i t h regard t o t h e aggregates of t h e fer t i l izer (e.g. t h e 
chloride c o n t e n t of potassium sal ts , t h e biuret c o n t e n t of carbamide) . 
The n u t r i e n t content of t h e fertilizer de t e rmines t he amoun t to be appl ied, so t h e 
fa rms should p a y a t ten t ion t o t h e composi t ion of t he fertilizer t h e y will be using. 
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This raises the q u e s t i o n of complex fertilizers, on w h i c h opinions o f t e n va ry . 
Al though th i s problem could be solved b y widening the r a n g e of fertilizers a n d m a n u -
fac tu r ing complex fer t i l izers w i t h different ac t ive agent ra t ios , t h i s nevertheless involves 
quest ions of d is t r ibut ion a n d storage t h a t are diff icult to se t t le . I t m a y well be t h a t wi th 
a high r a t e of fer t i l izat ion t h e applicat ion of complex fer t i l izers will be more expens ive 
t h a n t h e dis t r ibut ion of t r a d i t i o n a l ferti l izers on two occasions. F o r starter fer t i l iza t ion, 
however , complex fer t i l izers are very useful . 
LÁNG, G.: The inadequa te phys ica l propert ies of t h e fertilizers cause t h e f a r m s many diff icul t ies 
in t he course of appl ica t ion . Regular phosphorus and po tass ium fert i l izat ion compensa t e s 
to some e x t e n t for the d i s advan tages arising f r o m uneven d i s t r i b u t i o n provided i t is not 
too u n e v e n . Thus pu lver ized superphospha te can also be used q u i t e efficiently. D a m a g e 
caused b y the unevenness of dis t r ibut ion appears p r imar i ly in the case of n i t rogen 
ferti l izers. This is why l iqu id nitrogen fer t i l izers are of spec ia l impor tance , as their 
un i fo rm dis t r ibut ion can b e ensured even u n d e r large-scale condi t ions . 
Grea t a t t en t ion shou ld natura l ly be pa id to the ac t ive agen t content , chemical 
reac t ion , etc . of the fer t i l izers . The agrochemical and plant g r o w i n g criteria for selection 
are well documented a n d general ly famil iar . 
LŐRINCZ, J . : Up- to -da te n u t r i e n t supply requires up - to -da te fert i l izer p roduct ion . U n f o r t u n a t e -
ly, t h e fertilizer supply in H u n g a r y does no t cover the r e q u i r e m e n t s of m o d e r n crop 
produc t ion . The qual i ty also needs improving . The farms are q u i t e justified in d e m a n d -
ing t h a t t hey should rece ive t he amoun t of act ive agents t h e y h a v e paid for , in a fo rm 
which does not require a n y f u r t h e r processing (e.g. grinding). T h e quali ty of g ranu la t ion 
can, for example , inf luence t h e un i formi ty of dis t r ibut ion, so a demand of th i s k ind by 
the f a r m s is also jus t i f i ed . 
MIHÁLYFALVI, I . : Artificial fer t i l izer requ i rements can be correctly de t e rmined only b y regular 
nu t r i en t analyses in wh ich t h e long-range ac t ion can be t a k e n i n t o account. I n establ ish-
ing doses and rat ios a d i s t inc t ion must def in i te ly be made b e t w e e n the d i f fe ren t crops. 
N o w a d a y s "ba lance - l ike" fer t i l izat ion is an an t iqua ted c o n c e p t . Just i f iable object ions 
are ra ised current ly as t o t h e quali ty of H u n g a r i a n art i f icial fertil izers, b u t if no th ing 
be t t e r is available these m u s t be used. I n t h e f u t u r e greater a t t e n t i o n should be pa id to 
the p roduc t ion and d i s t r i b u t i o n of combined artificial fer t i l izers . 
MOLNÁR, J . : The qual i ty and ava i lab i l i ty of fer t i l izers is not a lways sa t is fac tory in H u n g a r y . 
T h e faul ts which occur most f r e q u e n t l y are: 
— deficiency of a c t i ve agent due t o inaccurate m a n u f a c t u r i n g t echn iques , un-
sat isfactory g r anu l a t i on , the lumpiness of the fe r t i l i ze r ; 
— lack of choice, par t i cu la r ly of complex fertilizers; 
— inadequate packag ing ; 
— unpunc tua l de l ive ry . 
Out-of -da teness a n d incompetence are unpa rdonab le b o t h in indus t ry a n d agri-
cul ture . 
NYÉKI, J . : T h e higher t he a c h i e v e m e n t s we a im a t , t h e more d i f f e ren t i a t ion there m u s t be in 
t he co-ordinat ion of t h e f ac to r s inf luencing t h e yield. D u r i n g t he last t en y e a r s H u n -
gar ian agr icul ture has b e e n able to sa t i s fy t h e demands of t h e nat ional e conomy . The 
resul ts suggest t h a t f u r t h e r development is possible. Men t ion should again be m a d e of 
the need for p ropor t i ona t e deve lopment , s ince t he choice of fe r t i l izers required t o achieve 
a 30 — 40 q/ha yield level is no t suitable fo r mak ing f u r t h e r progress . 
Deve lopment shou ld come about in t w o directions: 
1) The range of fer t i l izers should be widened so as t o ensu re the ava i lab i l i ty of a 
fert i l izer composi t ion o p t i m u m for t h e given procedure a n d soil condi t ions a t the 
requi red t ime. 
2) Manufac tu r ing shou ld be improved so t h a t fer t i l izers a re available in t h e form 
best su i ted t o the user . 
I n t he f i rs t ease m e n t i o n should be made , for e x a m p l e , of the u n f a v o u r a b l e 
inf luence exer ted by N H 4 N 0 3 fertilizers conta in ing 34% n i t r o g e n on the chemical prop-
ert ies of some soils, or t o t h e need for suff icient a m o u n t s of superphospha te t o be 
avai lable in t ime for t o p dressing. 
I n t he second case I am th ink ing of adhesion, a n d of fertilizers w i t h d i f ferent 
par t ic le sizes and specif ic weights , which when mixed c a n n o t be uniformly d i s t r ibu ted 
over t he area. 
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W i t h a view to p rogress I consider t h a t l iquid fertilizers shou ld be in t roduced as 
soon as possible, because t h e y enable the above-ment ioned d i f f icu l t i es to be overcome 
provided t h e necessary t e c h n i c a l conditions ex is t . 
PAIS, I . : The r a n g e of fertilizers p r o d u c e d in H u n g a r y leaves m u c h t o be desired, b u t t he 
responsibi l i ty for this does n o t lie primari ly w i t h the chemical i ndus t ry . Fer t i l izat ion 
according t o nut r ient r e q u i r e m e n t s is still only a scientific desire r a t h e r t han the p rac t i ce 
on mos t f a rms . The f a r m s m u s t soon arr ive a t the point w h e r e they d i f fe ren t ia te 
be tween fert i l izers according t o active agent con t en t , chemical ac t ion and long-range 
effect . 
PECZNIK. J . : A l t h o u g h the choice of Hungar i an fer t i l izers has widened in recent years it is 
still fa i r ly restr ic ted. A p a r t f r o m small quan t i t i e s of ammonium su lpha te and ca lc ium 
n i t ra te , n i t rogen fertilizers a r e only available in practice in t w o forms: a m m o n i u m 
n i t ra te a n d carbamide. T h e r e is virtually only a single type of phosphorus fert i l izer: 
s u p e r p h o s p h a t e . Potass ium is mos t ly supplied t o the plants in t h e fo rm of po tass ium 
chloride. T h e proportion m a d e u p by complex ferti l izers is not s igni f icant . Many objec-
t ions can he raised against t h e qua l i ty of n i t rogen and phosphorus fertilizers, which are 
sold in large quanti t ies: t h o s e containing a m m o n i u m nitrate a re hygroscopic, so a f t e r 
long per iods of storage t hey coagu la t e ; the pulver ized supe rphospha t e not only con ta ins 
very l i t t le act ive agent, b u t i t also becomes l u m p y and difficult t o spread. This causes 
m a n y p r o b l e m s for the f a r m e r s , b u t jus t t o r educe the hygroscopy of the a m m o n i u m 
n i t ra te fer t i l izer would involve a n inves tment t o t he order of a t h o u s a n d million for in t s . 
I t is natura l ly u n p a r d o n a b l e for any f a r m to ignore the a c t i v e agent concen t ra -
t ion of t h e individual fer t i l izers , since there m a y be considerable differences be tween 
them in th i s regard ( ca rbamide 4 6 % N, a m m o n i u m ni t ia te 3 4 % N , calcium a m m o n i u m 
n i t ra te 25 — 2 8 % N, etc.). H o w e v e r , since no slow-action fer t i l izers are available in 
H u n g a r y , no difference in l ong - t e rm effect c a n be found b e t w e e n the fertilizers. Fo r 
var ious r easons not detailed he re it can never theless be s ta ted t h a t for top dressing, 
n i t ra te -con ta in ing fertilizers shou ld be used whe reve r possible: i t is advisable to p lough 
ca rbamide in to the soil i m m e d i a t e l y af ter d i s t r ibu t ion . The use of calcium a m m o n i u m 
ni t ra te (Pé t i só , Agronit) m a y b e just if ied, pa r t i cu la r ly on acid soils. 
PETRASOVITS, I . : I t is inadmissable f o r fa rms not to m a k e a d is t inc t ion between ferti l izers 
according t o active agent c o n t e n t , chemical ac t ion and long-range ef fec t . 
POZSÁR, В.: The N P K ratio should def in i t e ly be de te rmined according t o t h e nutr ient require-
men t s of t h e cul t ivated p l a n t s . T h e greatest p r o b l e m is generally t h e fac t t ha t the N P K 
levels in t h e soil are often le f t o u t of considerat ion and the fer t i l izers are supplied accord-
ing t o t h e p lanned yield. I t is u p to the Agrochemical Service t o p u t an end to th i s 
pract ice, as will no doubt be d o n e in the near f u t u r e . 
SEMJÉN, I . : I n o rder to a t ta in l a rge r yields of b e t t e r qual i ty , the q u a l i t y , composition a n d 
choice of ferti l izers must he i m p r o v e d , even if we cannot hope t o reach the level of 
supply in some countries, w h e r e almost every crop has its o w n specially composed 
fertilizer. 
I n t h e case of the m a j o r crops it would he highly desirable t o manufac tu re fer -
tilizers m e e t i n g their special d e m a n d s . Some progress has r ecen t ly been made in t h i s 
field, b u t t h e choice is very p o o r , and the composi t ion is not a l w a y s sat isfactory e i ther . 
Apar t f r o m the physical p r o p e r t i e s the greatest p rob lem is caused b y the fact t h a t t h e 
act ive ingred ien ts , which a re n o t cheap anyway , are about 5 0 % m o r e expensive in t h e 
c o m p o u n d a n d complex fer t i l izers . This is not too encouraging, a n d t hey are only used 
f rom sheer necessity. At l eas t t h e y arc physical ly acceptable, as they do not s t ick 
toge ther . I t is impossible t o u n d e r s t a n d why t he simple process of mix ing should ra ise 
t he price of t he fertilizer b y 5 0 % . In my opin ion , this is s imply a commercial t r i ck , 
t ak ing an un fa i r advantage of t h e demand. T h e f a r m s are forced t o pay the excessive 
price for t hese fertilizers as t h e y can at least he satisfactorily app l ied with t he dis-
t r i bu to r s avai lable at present . 
I t is n o t for lack of k n o w l e d g e tha t most f a r m s do not m a k e a dist inction be tween 
ferti l izers according to their a c t i v e agent con ten t , chcmical ac t ion a n d long-term e f f ec t : 
in most cases they simply h a v e t o be satisfied w i t h , and t ry t o a p p l y in some w a y or 
o ther , w h a t t h e y happen t o ge t . The special composi t ion, choice a n d physical s t a t e of 
t he fer t i l izers mus t defini tely b e improved, o therwise the f u r t h e r deve lopment of pro-
duct ion will come up against ser ious obstacles. 
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The nu t r i en t ana lys is of soils is beginning to ga in g round on the f a rms , b u t even 
if th i s were per fec ted , w i t h the present r ange of fert i l izers we should only know w h a t we 
o u g h t t o supply. 
The conclusion is t h u s obvious: in order to increase t h e q u a n t i t y a n d improve t h e 
q u a l i t y of p roduc t ion t h e level of fe r t i l i za t ion , pa r t i cu la r ly t h e physical s t a t e a n d r ange 
of composi t ion of t h e fert i l izers, should be improved u r g e n t l y . Today , when t he o ther 
f ac to r s of agr icu l tura l p roduc t ion (mechan iza t ion , p l a n t pro tec t ion , qua l i ty of seed, 
choice of var ie ty , e tc . ) are coming ever closer to t he des i red level, t h e lack of an up- to -
d a t e me thod of n u t r i e n t supply and rep lacement m u s t no t be allowed to o b s t r u c t 
progress . 
SHMILLIÁR, M.: In m y op in ion it is not enough to supply fer t i l izers according to t h e n u t r i e n t 
r equ i rements of t h e expec ted crop. If ferti l izer is appl ied , p re sumab ly it ha s been f o u n d 
necessary to do so. If only the a m o u n t required for t h e p lanned yield is g iven, it will 
obviously not be e n o u g h , as the a m o u n t of fertilizer suppl ied cannot be fu l ly ut i l ized b y 
t h e p lan t . Thus t h e y ie ld potent ia l of t he p lan t c a n n o t be exploited and record yields 
c a n n o t be achieved. I n a favourable case the p lan t will e x t r a c t a cer ta in a m o u n t f r o m 
t h e nu t r i en t supplies in t he soil, b u t t he nu t r i en t ba lance of t he soil will n o t be res to red . 
Therefore more t h a n t h e necessary a m o u n t should be suppl ied . The f a r m s m u s t t a k e in to 
considerat ion t he chemica l action of t he large a m o u n t s of fertil izers d i s t r ibu ted nowa-
days , and should k n o w how long they t a k e to act. I a m u n a b l e to give an opinion on t h e 
qua l i t y of the c u r r e n t fertilizers. 
SZABÓ, В. : Difficulties are encountered wi th t w o kinds of monofer t i l izers : 
The 28% ca lc ium ammonium n i t r a t e is g r a n u l a t e d , b u t it becomes cemen ted in 
a very shor t t i m e . The 18% superphospha te , w h i c h is also g ranu la t ed , c rumbles 
and tu rns t o p o w d e r very quickly . 
Among t he c o m p l e x fertil izers, t h e one con ta in ing bo ron is theore t ica l ly a g ranu-
late, b u t in p rac t ice it con ta ins ever th ing f r o m d u s t to gravel-size f rac t ions . 
I t follows f r o m this t h a t t h o u g h the active a g e n t content of t he fer t i l izers is 
sa t i s fac tory , the f a c t t h a t they canno t be evenly d i s t r i bu t ed great ly reduces the i r va lue . 
The effor ts now b e i n g made by t he H u n g a r i a n i n d u s t r y t o supply unob jec t ionab le 
g ranu la t ed and c o m p l e x fertilizers are welcome, a n d i t is hoped t h a t t he p resen t de-
ficiencies will soon be a th ing of t he pas t . 
As to the o p t i m u m rat io of nu t r i en t s , fa i r ly a c c u r a t e d a t a are avai lable for dif-
f e r e n t regions and c rops . For this reason t he ferti l izer i n d u s t r y should be encouraged t o 
p roduce a var ie ty of complex g ranu la t ed fertilizers w i t h n u t r i e n t composi t ions a d a p t e d 
t o t he different crops . I th ink this would be of a d v a n t a g e in several ways : 
— All mac roe l emen t s required for a crop can be d i s t r ibu ted a t t h e same t i m e . 
— The n u t r i e n t s are evenly d i s t r ibu ted in t he fer t i l izer . 
— Granu la tes c a n be be t te r (more evenly) d i s t r i b u t e d by the exis t ing mach ines 
t h a n t he t r ad i t iona l ferti l izers. 
I t can be seen f r o m the above t h a t t he qual i ty of t h e present H u n g a r i a n fer t i l izers 
does not meet t he requ i rements . 
Earlier the d e m a n d was high a n d t he buyers were less par t icular . T h a t is why t h e 
f a r m s did not a l w a y s distinguish be tween the fer t i l izers according to ac t ive agen t 
con t en t , chemical ac t ion and long- te rm effect . 
Today these er rors are less and less f r equen t , b u t t h e y will only be comple te ly 
e l iminated if fer t i l izer m a n u f a c t u r e is improved . 
SZALAI, GY.: The qual i ty a n d reliabili ty of H u n g a r i a n fer t i l izers h a v e improved la te ly . In con-
sequence of s t r ic ter checks the ind ica ted active agen t c o n t e n t is, wi th a few except ions , 
p resen t in the fer t i l izer . Nevertheless , t h e choice is no t y e t sufficient . The avai labi l i ty of 
combined (mixed) fert i l izers wi th d i f fe ren t active a g e n t composi t ions should he im-
p roved . S imul taneous effor ts should be made t o increase the active agen t c o n t e n t , 
ma in ly in order t o r e d u c e t r anspor t costs. I n fac t , t o d a y mos t f a rms employ specialists 
who do make a d i s t inc t ion between d i f ferent t ypes of fer t i l izer , based on ac t ive agen t 
con t en t and l ong - t e rm effect. The chemical reac t ions of t he var ious carr iers are n o t 
suff icient ly known a t present . 
SZALAY, S.: Agricultural p roduc t i on is g radua l ly reaching t h e s tage where it requi res t h e s a m e 
h igh level of profess ional knowledge as industr ia l p r o d u c t i o n does, a n d d e m a n d s for 
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organiza t ion a n d work discipline are similarly high. Decisions as to t h e o p t i m u m use of 
the highly diversif ied chemicals a n d fertil izers now on t he marke t need a very thorough 
professional knowledge. The d e v e l o p m e n t of t he professional adv i sory service ne twork 
will be indispensable . The s econda ry and higher agr icul tura l educa t ion is qu i te advanced 
in H u n g a r y . I t is to be hoped t h a t as the degree of professional knowledge increases t he 
income of agr icul tura l workers will eventua l ly r each t h a t of indus t r ia l employees. 
SZENICZEY, Cs.: T h e inexpertness obse rved in t he present use of fertilizers is well known to mos t 
specialists. T h e range of fer t i l izers avai lable is na r row, and t he q u a l i t y is unal te rable . 
The possibil i t ies of nut r ient r e p l a c e m e n t adap ted to t h e var ie ty and t h e soil are expected 
to improved in t he near f u t u r e . 
SZÉKESSY-HEBMANN, V. —FAZEKAS, S.: Choosing the composi t ion of the fer t i l izer to he applied 
according t o t h e qual i ty of t h e soil a n d t he n u t r i e n t requi rements of t h e p l an t is a basic 
necessity for intensive agr icu l tu ra l p roduc t ion . This f ac t and t he complex i ty of t he 
problems r e l a t e d to it are s h o w n n o t only b y t he large number of a r t ic les published on 
th is sub jec t in countries w i t h deve loped agr icul tures , b u t also b y t h e masses of ad-
ver t i sements calling a t t en t ion t o i n s t r u m e n t a l t echn iques which are m o r e precise, more 
rapid a n d s impler t h a n t he ear l ier ones, and sui table for analys ing t h e composi t ion 
of the soil. 
TARJÁN, R.: I t is inadmissible for f a r m s t o apply fer t i l izers of different compos i t ions wi thout 
making a n y dis t inct ion be tween t h e m . 
TULCZ, I . : Fer t i l izers should be p roduced wi th a m u c h wider range of compos i t ion and active 
agent con ten t . Hunga ry ' s fer t i l izer i ndus t ry is not y e t capable of p u t t i n g ferti l izers wi th 
different ac t ive agent contents a t t h e disposal of t h e f a r m s t h r o u g h o u t t h e year . 
One of t h e difficulties is t h a t ne i ther indus t ry , nor agriculture a n d t r a d e have t he 
facilities su i t ab le for fertilizer s to rage . A large p ropor t ion of the fer t i l izers is kep t out-
doors on t h e f a rms , with t he consequence t h a t the re are considerable losses in value, 
especially a f t e r long periods of exposu re to t he wea the r . Af ter being s to red in the open 
for a long t i m e fertilizers m a y lose u p to 9 0 % of the i r active agent c o n t e n t . 
I t o f t e n occurs a t p resen t t h a t f a r m s are obliged to use fert i l izers in which one or 
another c o m p o n e n t is present in a m u c h larger q u a n t i t y t h a n is needed , so an unbeliev-
able was tage follows f rom t h e f a c t t h a t fert i l izers are not avai lable in t he required 
composit ion. 
* 
PÁL, G Y.: The act ive agent content of t h e mixed fert i l izer distributed today over one hectare 
of agr icu l tura l a rea in Hunga ry is approximate ly 300 kg. There are considerable areas , 
especially in Transdanubia , w h i c h slope to a greater or lesser extent , so t h a t ra inwate r 
runn ing off t he soil surface m a y w a s h the nu t r ien t s out of the soil, a n d some of t h e m 
may be deposited in standing w a t e r . Do you consider t he nu t r ien t r e m o v a l caused by 
water erosion to be significant in quant i ty , or dangerous f rom the point of view of 
env i ronmenta l protection, and c a n you suggest any solution in the field of soil conserva-
t ion or env i ronmen ta l protection t o prevent th i s? 
Á c s , A.: On m o u n t a i n and hill-side l a n d erosion m a y occur to an ex ten t depend ing on t he 
weather condi t ions , i.e. the a m o u n t a n d in tens i ty of precipi ta t ion, in t he course of which 
t he fert i l ized u p p e r soil layer is w a s h e d off. N u t r i e n t s soluble in w a t e r m a y be washed 
away even w i t h o u t soil m o v e m e n t s , especially w h e n t h e y have not r e a c h e d the deeper 
soil layers. These t h e n cause e n v i r o n m e n t a l damage b y con tamina t ing t h e wa te r . 
This m a y assume dangerous dimensions. The volume of fer t i l izer appl icat ion is 
cont inual ly increasing, of ten b e y o n d t he ex ten t of o p t i m u m nu t r i en t supp ly . The pos-
sibility of n u t r i e n t s being washed a w a y and con tamina t ing the water is t h u s increasing. 
This ques t ion m u s t be dealt w i t h careful ly , as t h e washing away of fer t i l izers is t he 
result of t he j o i n t action of severa l f ac to rs (volume and water solubi l i ty of fertil izers, 
angle of slope, t y p e and phys ica l a n d chemical proper t ies of t he soil, a m o u n t and 
intensi ty of precipi ta t ion, etc.). T h e ac t ive agent washed away also r ep re sen t s an econom-
ic loss, since t h e plants are u n a b l e t o utilise it. 
The leaching out of n u t r i e n t s m u s t be p reven ted if possible b y soil conservat ion, 
amel iora t ion a n d envi ronmenta l p ro tec t ion measures . The volume of fer t i l izers used on 
th rea tened a reas mus t be r educed . Careful t echniques of soil cu l t iva t ion , e.g. contour 
line cu l t iva t ion , en t renchment , e m b a n k m e n t , can all be hindrances t o n u t r i e n t leaching. 
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BARACS, J . : If t h e fert i l izers are p roper ly used the l each ing of nut r ien ts o n sloping areas is n o t 
so great as general ly t h o u g h t . T h e loss of n u t r i e n t arising f rom soils being washed a w a y 
by water eros ion and deposi ted in valleys or ca r r i ed f a r the r away is m u c h greater t h a n 
the ac tua l l each ing of fert i l izers. This is n a t u r a l l y influenced considerably b y t h e in-
t roduc t ion or omission of f a r m i n g methods which r e d u c e erosion. W a s h i n g away d e p e n d s 
on the d i rec t ion of cul t ivat ion, t he angle and l e n g t h of the slope, t h e intensi ty of t h e 
rainfal l , e tc . 
Measu remen t s were carr ied out on 46,000 h a in the c a t c h m e n t area of the B a r a -
nya canal , w h e r e 16,000 ha were covered b y fo res t s and 75% of t h e agr icu l tura l ly 
cul t iva ted a r e a was arable; on th i s area the loss of fer t i l izer active agen t s is some 5 — 6000 
tons a yea r . T h e soils washed off conta in 1 — 2 % h u m u s , and the ac t ive agents lost w i t h 
it cannot be p ro f i t ab ly replaced w i t h the present a m o u n t of fert i l izer, t he value of w h i c h 
is not shown in t he p roduc t ion results . The yie ld resu l t s on areas w i t h no water eros ion 
(f lat lands) were compared w i t h those on areas w h i c h slope a t va r ious angles. On a reas 
of slope ca t ego ry I I the yield of whea t was 8 3 % , a n d in slope ca tegory I I I only 5 9 % 
of the yield a t t a i n e d on f l a t l a n d . 
The p r o b l e m of sloping areas is therefore of great impor t ance f rom the po in t of 
view of e n v i r o n m e n t a l p ro t ec t i on as well. O n t h e s e areas complex soil conserva t ion 
should be s t a r t e d wi th increased s t a t e subsidizat ion in order to raise t h e level of f a r m i n g 
and p ro tec t t h e env i ronment . I n B a r a n y a c o u n t y complex soil conserva t ion has t a k e n 
place so f a r o n 36,000 ha , a n d should be e x t e n d e d t o a fu r the r 100,000 ha soil o n t h e 
large f a rms . O n these areas t h e f a r m s are u n a b l e t o pay for th i s o u t of their own re -
sources a n d t h u s need to he subs tan t ia l ly s u p p o r t e d b y the s ta te . 
ВЕКЕ, F.: The d a n g e r of leaching does exist, and somet imes assumes serious d imensions , 
par t icular ly in t h e case of n i t rogen fert i l izat ion. I t m igh t pe rhaps be controlled b y soil 
cul t ivat ion m e t h o d s , divided n u t r i e n t appl ica t ion , or by p loughing fertil izers in to t h e 
soil in several layers . However , these me thods invo lve an increase in costs and l a b o u r 
requi rements . 
BuzÁs, I.: Agr icul ture , including fer t i l iza t ion and p l a n t p ro tec t ion , canno t be made exclus ively 
responsible for t h e pollut ion of waters , e.g. of t h e s tanding w a t e r s of T r a n s d a n u b i a . 
I t mus t be emphas ized t h a t agr icul tura l was tes , e v e n liquid m a n u r e s , are not as d a n -
gerous as con tamina t ions of indus t r i a l and c o m m u n a l origin ( indus t r ia l and c o m m u n a l 
wastes, s ludge, etc.). 
Agr icu l tu re , as a combina t i on of crop p r o d u c t i o n and l ives tock fa rming , t o g e t h e r 
with t he p o p u l a t i o n employed in agricul ture, h a s i t s place in t h e cyclic processes of 
na ture , a n d agr icul ture itseíf opera tes with such processes, e.g. t h e circulat ion of n i t r o -
gen, oxygen , c a rbon and w a t e r in t he process of fer t i l iza t ion-crop product ion- l ives tock 
farming. E v e r since ancient t i m e s agr icul tural w a s t e s (manure , p l a n t residues) h a v e 
formed an in tegra l pa r t of t h e agricul tural p r o d u c t i o n process, be ing used in agr icul -
tu re itself. 
The m a j o r p ropor t ion of t h e wastes p r o d u c e d b y indus t ry a n d t he popula t ion of 
cities is no t u t i l ized in the indus t r i a l processes themse lves , nor by t h e u r b a n popu la t ion . 
At the s a m e t i m e these ma te r i a l s are alien t o agr icu l ture , being t h e p roduc t s of a r t i -
ficially i n d u c e d processes, a n d are in fac t al ien t o n a t u r e as well (plastics, c o m p o u n d s 
and concen t r a t e s not found in n a t u r e , etc.). 
On p u r e l y agr icul tural a reas env i ronmen ta l pol lut ion does n o t generally b e c o m e 
critical in sp i te of the increasing volume of m a t e r i a l of indus t r ia l origin ut i l ized i n 
agricul ture. T h e high concen t ra t ion of ni t rogen, p h o s p h o r u s and p o t a s s i u m in the s t a n d -
ing waters is n o t due exclusively t o N P K fe r t i l i za t ion ; it is a consequence of overa l l 
env i ronmenta l pollut ion. Never the less , I consider t h e leaching of nu t r i en t s caused b y 
erosion to be considerable for t h e following r ea sons : 
I n t h e s t and ing wate r s in H u n g a r y t he n i t r o g e n concen t ra t ion is already so h i g h 
t h a t f rom t h e po in t of view of t h e mass r e p r o d u c t i o n of algae phosphorus not n i t r ogen 
is the m i n i m u m fac tor . P h o s p h o r u s , on t he o t h e r h a n d , is not washed out of t h e soil, 
bu t m a y be carr ied into t he s t a n d i n g waters on solid particles due t o erosion. 
I a m n o t sufficiently f ami l i a r wi th the w a y s and means of p reven t ing erosion t o 
be able t o r e c o m m e n d any solut ion. 
GYŐRI. D.: The l each ing out of n u t r i e n t s m a y be cons iderable if the f a r m does no t t ake m e a s u r e s 
against soil erosion. In general , it is the ac tua l condi t ions of t he f a r m (angle of s lope, 
exposure, mechan ica l s t ruc tu re of the soil, e tc . ) t h a t de termine w h a t soil p r o t e c t i o n 
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measu re s (contour line ploughing, s t r ip cu l t iva t ion , bank ing , terracing, etc.) should be 
t a k e n . Methods designed t o prevent eros ion have already b e e n elaborated in H u n g a r y , 
so t h e y only need to be appl ied. 
HARASZTI, E . : T h e amoun t of n u t r i e n t washed off t h e soil by wa te r erosion is cons iderable and, 
in m y opinion, is dange rous in some reg ions f rom the po in t of view of e n v i r o n m e n t a l 
p ro t ec t i on . Leaching m a y occur not only o n sloping areas or in hilly regions, b u t in any 
soil w i t h a f u n d a m e n t a l l y high g r o u n d w a t e r level (e.g. in t h e vicinity of L a k e Bala-
ton , e tc . ) . 
HUSTI, M.: As I see it, there is a considerable leaching of nu t r i en t s caused by w a t e r erosion. 
On a reas exposed to erosion the fer t i l izers m u s t he p loughed in af ter d i s t r i bu t ion . Top 
dress ing should only be carr ied out on s u c h areas when t h e f ixa t ion of n u t r i e n t s by the 
soil is ensured . W h e n t h e surface of t h e soil is f rozen s u b s t a n t i a l amoun t s of ferti l izer 
m a y be carr ied by t h e mel t ing snow or r a i n in to s tanding wa te r s and r ivers . 
N u t r i e n t losses caused by wa te r eros ion are reduced b y the use of s low-ac t ion 
fer t i l izers . 
KISS, A. S.: T h e one-sided or exaggera ted use of fert i l izers can be dangerous to t h e environ-
m e n t ( to t h e heal th of m a n and animals) , n o t only t h rough run-of f waters ( leaching) bu t 
also t h r o u g h the accumula t ion of u n c h a n g e d ni t ra tes , n i t r i t es and nitrose a m i n e s in the 
p l an t s . The i r methaemoglobinaemic a n d carcinogenic ef fects h a v e been p roved . Ni t rogen 
fer t i l izers are ap t t o be washed out f i r s t , so the loss a n d con tamina t ion t h u s caused 
could p robab ly be r educed by applying t h e t o p dressing in several doses. 
KISS, Á.: N u t r i e n t leaching caused by water eros ion on areas wi th va r ious degrees of slope, and 
even o n sandy soils, is considerable (in t h e l a t t e r case because the nu t r i en t s po l lu t e the 
g round-wa te r ) . I n every case this causes ser ious env i ronmen ta l pollution, so g r ea t care 
m u s t be t a k e n to p r e v e n t th is f rom h a p p e n i n g . Terraces m u s t be built , a n d grass and 
t rees p l a n t e d . These s a m e problems are endanger ing Lake Ba la ton , where i t ha s now 
been f o u n d t h a t care m u s t be taken in developing art i f icial shores, and m u c h greater 
a t t e n t i o n should be pa id t o the m a i n t e n a n c e and clearing of the original shorelines. 
KOLTAY, Á. : T h e chemicals used in agr icul ture h a v e become de te rmin ing and ind ispensable 
f ac to r s of the modern p roduc t ion technologies . They canno t be dispensed w i t h even on 
s loping areas exposed t o wa te r erosion, b u t their appl ica t ion in such p laces requires 
increased care. W a t e r erosion and the l each ing of nu t r i en t s m u s t be reduced t o a mini-
m u m b y all possible means , par t icu lar ly b y ploughing a long t he contour l ines and by 
f o r t i f y i n g the slopes. 
KovÁTS, A. : On sloping areas damage caused b y wa te r erosion m u s t definitely be p r e v e n t e d . 
This is highly i m p o r t a n t f r o m the po in t of view of bo th env i ronmenta l p r o t e c t i o n and 
p r o d u c t i o n ; these in te res t s are c o m p l e m e n t a r y ra ther t h a n cont rad ic tory t o each other . 
The e f f ec t of nu t r i en t s washed away will be lost , t hus caus ing the efficiency of fert i l iza-
t ion t o decrease and t he cost of p r o d u c t i o n t o rise. Land prese rva t ion also calls for the 
p r e v e n t i o n of damage due t o the erosive ac t ion of wate r . 
T o elucidate all t h e possible aspec t s of the quest ion would require a n ana lys is of 
t he in t e rac t ions of a g rea t m a n y fac to r s , so I will confine myself to emphas i z ing t h a t 
w h e n fert i l izing areas exposed to w a t e r erosion the o v e r a b u n d a n t app l i ca t ion of fer-
t i l izers should be avo ided and a t ten t ion should also be pa id t o the me thod of applica-
t ion . T h e greatest loss, a n d t h u s the m o s t serious env i ronmen ta l pollution, c a n b e caused 
by t h e leaching of n i t rogen fertilizers, whi le phosphorus m a y become a p o l l u t a n t t h rough 
the w a s h i n g away of soil grains. This m a y increase t he concen t ra t ion of n u t r i e n t s in 
s t a n d i n g waters . This danger does exis t , t h o u g h the env i ronmen ta l pol lut ion caused by 
fe r t i l i za t ion is, in m y opinion, not as ser ious as it is usually t h o u g h t to be. Th i s na tu ra l ly 
does n o t m e a n t h a t t h e damage caused b y wa te r erosion should not he p r e v e n t e d by all 
the m e a n s available. Besides the s t r ic t observance of t h e special cu l tu ra l pract ices 
r equ i r ed on sloping a reas (cul t ivat ion a long t he contour lines, carefully chosen c rops and 
p l a n t var ie t ies , etc.), increased a t t en t i on should be paid t o dra inage, and t o p reven t ing 
f low-off wa te r f rom en te r ing lakes and r ivers . Solutions of t h i s description a re par t icul -
ar ly necessary in t he hills surrounding L a k e Bala ton a n d t h e ca t chmen t a r e a of the 
r iver Zala . 
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I should like t o a d d t h a t f rom the p o i n t of view of env i ronmen ta l p r o t e c t i o n t he 
possibi l i ty of sewage a n d pesticides en te r ing s tand ing waters represents an e v e n g rea t e r 
danger and requires still s t r ic te r measures t o be taken. 
LÁNG, G.: T h e ef fec t of n u t r i e n t leaching caused b y water erosion is greatest for n i t r o g e n . 
There fore , when deciding on the date a n d m a n n e r of n i t r o g e n ferti l ization, env i ron-
m e n t a l pro tec t ion m u s t also be taken into considera t ion , as well as the wel l -known t a sks 
of soil conservat ion. I n t h i s way dangerous env i ronmenta l po l lu t ion can be p r e v e n t e d . 
I.ŐRINCZ, J . : D a m a g e which m a y be done by w a t e r erosion can be lessened considerably b y t he 
m e t h o d of cul t ivat ion. Since an adequate y ie ld can only be e x p e c t e d if sufficient a m o u n t s 
of n u t r i e n t are suppl ied, a suitable q u a n t i t y and composi t ion of fertilizer c a n n o t be 
d ispensed wi th . Fer t i l izers leached or w a s h e d away only c o n t r i b u t e to water po l lu t ion 
to a m i n o r ex ten t . T h e l ack of public u t i l i t i e s , drainage a n d sewage pur i f ica t ion causes 
more d a m a g e to the env i ronmen t t h a n t h e chemizat ion of agr icul ture does. I suggest 
t h a t t h e damage caused b y erosion should be reduced b y emp loy ing agro- a n d chemo-
technics developed for t h i s special purpose . 
MIHÁLYFALVY, I . : In the case of plantat ions t h e pe r hectare c o n s u m p t i o n is 800 —1000 kg 
mixed ar t i f ic ial fert i l izer ac t ive agent. S o m e crop product ion sys tems suggest t h e use of 
600 — 800 kg/ha . W i t h s u c h high doses of a r t i f i c ia l fer t i l izat ion on sandy soils a n d slop-
ing areas nu t r ien t m i g r a t i o n and leaching o u t mus t be r e c k o n e d with. I cons ide r this 
p h e n o m e n o n to be e x t r e m e l y dangerous f r o m the point of view of e n v i r o n m e n t a l 
p ro tec t ion . 
I n Hunga ry w a t e r qual i ty s t a n d a r d s are prescr ibed w i t h regard t o mine ra l 
con ten t . Fo r example , w a t e r intended f o r va r ious uses c a n con ta in 13 — 30 mg/1 am-
m o n i u m . 
As a prevent ive measu re I suggest t h e compulsory c a r r y i n g out of r egu la r wa te r 
and soil analyses on t h e a reas concerned, a n d on this basis regula t ions for t h e pur i f i ca -
t ion of w a t e r and t he evolu t ion of a p r o p e r sys tem of fe r t i l i za t ion . Fur ther , I sugges t 
t h a t t he basic principles of agricultural t e chno logy on s loping areas should b e s t r ic t ly 
observed , and tha t t he lower parts of s lopes should be ut i l ized for grasses or pe renn ia l 
papi l ionaceous crops. 
MOLNÁR, J . : T h e ra tes of fe r t i l i za t ion used a t p r e s e n t cannot do a n y damage to t he env i ron-
men t excep t on ex t remely exposed areas. 
Too high doses shou ld be avoided if on ly for the r easons given above. 
I n certain regions t h e application of chemicals requires increased me thod ica lness 
and compe tence (e.g. L a k e Balaton). 
NYÉKI. J . : O n sloping areas, par t i cu la r ly in t he f r u i t and vine reg ions of T ransdanub ia , where 
fert i l izers are of ten used in excess, a cons iderab le leaching of nitrogen due t o erosion 
m a y occur . 
E n v i r o n m e n t a l pol lu t ion can, in m y opinion, be p r e v e n t e d in severa l ways : 
1) I n vine and f r u i t p lanta t ions s i t u a t e d not far (500 — 600 m) f rom r i v e r s and 
lakes t h e use of fer t i l izers should be con t ro l l ed so t h a t n i t r o g e n is only app l i ed in a 
q u a n t i t y equal to t h a t ex t rac ted by t h e c rop (strictly con t ro l led nitrogen ba lance ) . 
2) Ni t rogen fer t i l izers should be u s e d which are n o t easily dissolved (Calurea , 
c a r b a m i d e derivat ives, e tc . ) , or if readily dissolved fert i l izers a re used the f a r m should 
be obliged to carry o u t d iv ided appl ica t ion . 
3) On these a reas careful , deep soil cul t ivat ion shou ld be compulsory so as to 
p r even t t h e water f r o m runn ing off t he su r f ace ; the soil shou ld be made c a p a b l e of 
absorb ing t he largest possible proport ion of t h e au tumn a n d win te r p rec ip i t a t ion , and 
deep subsoiling should p e r h a p s be carried o u t . 
4) I n the long r u n t h e th rea tened a reas should be ut i l ized by p l an t ing fores ts 
and groves which do n o t require fer t i l iza t ion . 
PAIS, I . : I t h i n k nut r ients are leached by w a t e r erosion to a considerable ex ten t , a n d this 
r ep resen t s an almost g r ea t e r danger to t h e env i ronment t h a n t h e use of pes t ic ides . The 
solut ion lies not so m u c h in taking special measures as r e g a r d s soil conse rva t ion and 
env i ronmen ta l p ro tec t ion as in supplying t h e fertilizers a t t h e t ime and in t h e q u a n t i t y 
requ i red by the d e v e l o p m e n t of the p l an t s . 
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PECZNIK, J . : T h e relat ionship b e t w e e n ferti l ization a n d erosion can be examined f r o m t w o 
points of v i ew. I t is obvious t h a t a soil well supp l i ed with fer t i l izers and covered w i t h 
vigorously growing plants is less exposed to e ros ion even on s loping areas t han one w i t h 
a low n u t r i e n t level and poo r vegetat ion. A t t h e same time, depos i t s washed off agr i -
cul tural a r e a s m a y cause cons iderable c o n t a m i n a t i o n to na tura l w a t e r s . Phosphorus a n d 
ni trogen c o m p o u n d s washed off into lakes p l a y a n indirect b u t i m p o r t a n t p a r t in t h e 
process of eu t rophiza t ion . I t c anno t , however , b e said tha t f e r t i l i za t ion is exclus ive ly 
responsible fo r the process of eut rophiza t ion , s ince fens and p e a t f o r m a t i o n are also t h e 
results of t h i s process. The sk i l fu l applicat ion of methods e l abo ra t ed for the p r o t e c t i o n 
of ag r i cu l t u r a l areas f rom eros ion (cul t ivat ion a long the con tou r lines, e n t r e n c h m e n t , 
mulching, e tc . ) , a f fores ta t ion o n areas p a r t i c u l a r l y exposed to e ros ion and, last b u t n o t 
least, t h e p ro t ec t ive effect of fert i l izat ion m e n t i o n e d above m a y , in m y opinion, b r i n g 
sa t i s fac tory resul ts f rom t h e p o i n t of view of env i ronmenta l p ro t ec t i on . 
PETRASOVITS, I . : O n sloping areas leaching caused b y erosion may r e a c h considerable p r o -
port ions depend ing on c l ima t i c , hydrological, e t c . conditions. B o t h on flat a n d h i l ly 
lands i t is a source of b o t h y ie ld loss and e n v i r o n m e n t a l po l lu t ion ( the la t ter m a i n l y 
th rough t h e water) . One w a y of prevent ing t h i s , or at least of r e d u c i n g it, is sugges t ed 
by the w a t e r managemen t concep t ion e labora ted a t the Water M a n a g e m e n t and Mel iora-
tion D e p a r t m e n t of the U n i v e r s i t y of Agr i cu l tu r a l Sciences, Gödöllő. The basis of t h e 
scheme is t h a t each field shou ld form an i n d e p e n d e n t uni t as r ega rds water b a l a n c e . 
At the s a m e t ime a co-ord ina ted network of c h a n n e l s (to drain off t he harmfu l s u r p l u s 
waters f r o m f a r m s and f r o m larger areas), w i t h t h e necessary s t r u c t u r e s and c a p a c i t y 
must be e n s u r e d . The water b a l a n c e of each f ie ld c a n thus be cont ro l led , and the t e c h n i c a l 
and ag ronomica l conditions fo r soil conservat ion can be provided fo r . The r e q u i r e m e n t s 
of bo th p r o d u c t i o n and e n v i r o n m e n t a l control a r e thus fulfilled. 
PLETSEH, J . : W a t e r erosion decreases the fert i l i ty of t h e soil by si l t ing it and carry ing t h e 
topsoil a w a y . This loss c a n n o t be made u p f o r b y fertilization, because if erosion p ro -
tection is n o t carried out , on ly a fraction of t h e fertilizer will b e utilized. Fer t i l i ze r s 
which a re car r ied off by t h e w a t e r and a c c u m u l a t e on low-lying a reas reduce t he y i e ld , 
and t he h i g h concentra t ion of fertilizers m a y e v e n cause the p l a n t s t o die. In a d d i t i o n , 
there is a t h r e a t t ha t fer t i l izers carried to g r e a t e r distances will po l lu te living w a t e r s . 
I t is a well-known f a c t t h a t the d a m a g e caused by w a t e r erosion is t he m o s t 
serious o n b a r e soils and t h e l eas t dangerous o n t h o s e covered b y perennia l fodder c rops . 
The t h i n n e r t h e vegata t ion t h e higher the d a n g e r of erosion. R o a d s running para l le l t o 
the slope a lso increase t he erosion. To this is a d d e d the angle of t h e slope, the q u a l i t y 
of the soil a n d the climate of t h e region. F r o m a u t u m n to spring t h e soil is most ly b a r e . 
The s u d d e n mel t ing of t h e snow at the end of win te r may also cause serious e ros ion 
damage. T h e water may c a r r y away not on ly t h e topsoil b u t also t he fertil izers dis-
t r ibu ted in a u t u m n . 
M e t h o d s by which e ros ion can be p r e v e n t e d are known. T h e m o s t i m p o r t a n t o n e s 
are: soil cu l t i va t i on pe rpend icu la r to the d i r e c t i o n of slope, t he sowing of crops w h i c h 
cover t h e soil to different e x t e n t s in a l t e rna t i ng strips and a se rpen t ine road s y s t e m . 
The e x t e n t t o which these measures are neces sa ry is de te rmined b y the t o p o g r a p h i c , 
soil and c l i m a t i c conditions of t h e area to be p r o t e c t e d . 
P r o v i d e d the p ro tec t ion against erosion is sat isfactory, fe r t i l i za t ion will be e f f i -
cient a n d t h e living waters in t h e ne ighbourhood will not be c o n t a m i n a t e d . 
POZSÁR, В.: F r i g h t e n i n g and o f t e n d r a m a t i c repor t s a r e made not only o n the eu t roph iza t i on 
of Lake B a l a t o n bu t also on t h e critically h i g h ni t ra te and n i t r i t e levels of g r o u n d -
waters. T h e eut rophiza t ion of s tanding w a t e r s is primarily caused b y phosphates a n d 
only secondar i ly by the n i t r a t e level, and for t h e las t ten years t h e organic p r o d u c t i o n 
has shown a n average increase of approx ima te ly one order of m a g n i t u d e in Lake B a l a -
ton. In h u m a n and animal organisms, u n d e r t h e influence of E s c h e r i a coli i n fec t ions , 
the n i t r a t e s a re mostly t r a n s f o r m e d into n i t r i t e s which form complexes with the h a e m o -
globin a n d m a y inhibit the o x y g e n exchange t o s u c h an extent t h a t d e a t h may occas ion-
ally be c a u s e d in infants. I n grown-ups the consequences are mi lde r , but a n u m b e r of 
metabol ic indices may show a t e m p o r a r y s h a r p d r o p due mainly t o a decrease in v i t a m i n 
levels. T h e we igh t gain of f a r m animals slows d o w n and consequen t ly product iv i ty a n d 
reprodc t ion biology disorders occur. F u r t h e r m o r e , the ni trate a n d n i t r i te levels c a u s e 
human tox ico logy problems j u s t as impor tan t as t h e above owing t o ni t rosamine f o r m a -
tion. ( In t h e presence of n i t r i t e ni t rosamine m a y b e formed spon taneous ly from s e c o n d a r y 
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amines . ) Ni t rosamines , on t he o t h e r hand , have carcinogenic and mu tagen i c ac t iv i t ies 
owing to endogenous a lkyla t ion effects . I t should also be pointed o u t t h a t in p r o d u c t s 
of an imal origin (e.g. cheese) t h e level of n i t rosamines shows a t e n d e n c y to increase . 
RAKONCZAY, Z.: In cer ta in regions, e.g. in the area a r o u n d Lake B a l a t o n , nu t r i en t l each ing 
caused by wa te r erosion is dangerous , in my opinion, f rom the p o i n t of view of env i ron-
m e n t a l p ro tec t ion . Besides the measures a l ready t a k e n or those n o w in progress, I sug-
gest t he fol lowing: 
I n H u n g a r y , and as f a r as I know in m a n y o ther countr ies t o o , the t r a d i t i o n a 
b ranches of cu l t iva t ion are t a k e n m o r e seriously t h a n is just if ied a n d no change is t h o u g h t 
t o be possible. I n H u n g a r y th is is clearly seen f r o m t h e forest laws a n d f rom the legisla-
t ion a imed at l and preserva t ion . The re is a t heo ry t h a t wherever t h e r e is a forest it m u s t 
be l e f t there till t h e end of t ime , a n d where t h e r e are agr icul tura l areas, there agr i -
cu l tu re m u s t be carr ied out . A l t h o u g h there are a few except ions t h e y are not c h a r -
acter is t ic . I n th i s case t he except ions really do conf i rm the rule . M u c h as we r e spec t 
t h e pa s t and t he t r ad i t ions it m u s t be a d m i t t e d t h a t the present a r eas of cu l t iva t ion 
developed in m a n y cases u n d e r t h e pressure of c i rcumstances , a n d a l though they m a y 
have ref lected an economic necessi ty a t the t ime , i t is not a lways p re sen t any longer . 
We h a v e not given u p th ink ing in t e r m s of vil lages, distr icts and count ies . 
W h e n t h e agr icul tura l l a n d preserva t ion ac t came into f o r c e a t the beg inn ing 
of t h e sixties, i t h a d t o be execu ted wi th in the vil lage limits. This r e s u l t e d in an a w k w a r d 
s i tua t ion ; e.g. in t he n o r t h e r n p a r t of t he c o u n t r y ve ry poor l ands unsu i tab le for agr i -
cu l tu ra l p roduc t ion were lef t u n d e r cul t iva t ion , while on the Grea t P l a i n large vi l lages 
a b u n d a n t l y suppl ied wi th l and , where there was also a shortage of l abour , had to g ive 
u p excel lent agr icul tura l areas for a f fores ta t ion purposes . 
To sum up , t he n imbus su r round ing t he p resen t branches of agricul ture shou ld 
be des t royed . Many forest areas could he r eapp rop r i a t ed for ag r icu l tu ra l use once t h e y 
h a v e served the i r purpose (e.g. in t h e case of cellulose poplars), whi le m a n y agr icul tura l 
a reas should be used for fores t p l an ta t ion . This should he carr ied o u t on a na t i ona l 
scale, no t on a village, county , or worse still f a r m scale. For example , in some coun t ies 
of t h e Great P la in (Békés, Szolnok) t h e agr icul tura l area should be ex tended , while in 
o ther regions, such as t he area a r o u n d Lake B a l a t o n , it should be r e d u c e d . 
This m e t h o d is feasible even within t he a reas under ag r i cu l tu ra l cu l t iva t ion . 
On highly va luable areas exposed t o erosion, a n d in the ne ighbourhood of lakes t h e 
re la t ive p ropor t ion of croplands , o rchards , meadows , pas tures a n d v i n e y a r d s could a n d 
should be changed. 
W i t h a view to e n v i r o n m e n t a l pro tec t ion on t h e watershed a r e a of Lake B a l a t o n , 
preference should be given to fo res t s and to c rops which have a lower demand fo r 
chemical t r e a t m e n t s . 
SHMILLIÁR, M.: W a t e r erosion, t he wash ing away of t he soil by water , ha s b e e n occur r ing 'ever 
since t he deve lopment of t he soil surface. I t on ly causes t rouble w h e r e h u m a n s h o r t -
s ightedness , greediness or lack of skill have upse t in some way t h e ba lance cha rac te r -
ist ic of t h e surface of t he ea r th . T h e means of p ro tec t ion is se l f -ev ident : the b a l a n c e 
m u s t be res tored , t he surface ope ra t ions should be chosen so as t o s low down or p r e v e n t 
f u r t h e r erosion. The shaping of f ie lds , t he cons t ruc t ion of roads, t h e p l an t a t i on of fo re s t 
bel ts , t h e di rect ion of their long i tud ina l axes a n d t h e direction of p lough ing and sowing 
are all fac tors t h a t m a y inf luence soil conservat ion. I n m y opinion t h e question shou ld 
not be p u t separa te ly , because leaching can a lways be t raced back t o some faul t m a d e 
previously . I f , however , the ob l iga to ry soil conserva t ion is carr ied o u t with due ca re 
and appropr i a t e me thods , t h e n t h e leaching of n u t r i e n t s will not be significant . 
SZALAI, GY.: W i t h a view to t h e p ro tec t ion of t he e n v i r o n m e n t greater a t t e n t i o n should be p a i d 
to t h e use of fert i l izers on sloping areas ( amoun t , d is t r ibut ion a n d ploughing in of t h e 
ferti l izers). The neglect of these f ac to r s represents a serious danger t o t h e living o rgan -
isms in local waters . If h a r m f u l leaching occurs in spi te of careful w o r k , strips of g rass 
5 — 8 m wide should be es tabl ished along the c o n t o u r lines in t h e th rea t ened a reas . 
If necessary t he r a t e of fer t i l izat ion should be r educed in such places. T h e loss of i ncome 
t h u s arising should be m a d e u p t o t h e f a r m t h r o u g h s t a t e subs id iza t ion . 
SZALAY, S.: I t seems to me t h a t the p resen t m a n a g e m e n t of fertil izers in H u n g a r y is p rob lemat ic . 
The cheap fert i l izers produced w i t h s ta te subsidies m a y lead t o careless storage a n d 
was tage and to un jus t i f i ed d a m a g e to the env i ronmen t . A charac te r i s t i c example is t h e 
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ever increas ing danger of eu t rophiza t ion in Lake Bala ton , especially near t h e inflow of 
the r i v e r Zala. 
SZENICZEY, Cs. : The leaching o u t of nutr ients c a u s e d by erosion c a n be reduced s o m e w h a t by 
using fert i l izers with a p r o p e r range of a c t i o n and by us ing t h e correct soil cu l t iva t ion 
and agrotechnical m e t h o d s , bu t the p r o t e c t i o n of s t a n d i n g waters in t he immedia te 
ne ighbourhood of t h e c a t c h m e n t area is m o r e feasible. T h e control of a q u a t i c p lants 
which prol i fera te as a r e s u l t of a concen t r a t ion of nut r i t ive subs tances in t h e wa t e r is an 
easier t a s k than the me l io ra t ion of the t o t a l ca tchment a r ea . 
T h e need for a c o n s t a n t increase in t h e volume of food product ion inevi tably 
causes a certain a m o u n t of damage to t h e n a t u r a l e n v i r o n m e n t . 
SZÉKESSY-HERMANN, V. — FAZEKAS, S.: Damage caused by wa te r erosion to soils w i t h various 
degrees of slope was a p r o b l e m even be fo re t h e appl ica t ion of fertilizers. T h e n t he loss 
of t h e topsoi l was t h e m a i n concern; s ince t he i n t roduc t ion of chemizat ion, losses in 
fert i l izer efficiency a n d t h e toxic effect t h e y have on the e n v i r o n m e n t have been added. 
I t is obv ious tha t in t h e absence of any i n t e r v e n t i o n the consequences of th is d a m a g e will 
become increasingly s eve re as t ime goes on . To prevent t h i s t h e use of organic manure 
is sugges ted either in combina t ion w i t h fert i l izers, or app l i ed separately f r o m t ime to 
t ime. Organ ic manures of animal and p l a n t origin ensure t h e many-s ided r ep lacemen t of 
the n u t r i e n t content of soil. But b e y o n d this , wha t m a k e s organic m a n u r e almost 
i nva luab le is the f a c t t h a t its decompos i t ion product is h u m u s . E v e n now h u m u s is 
r e g a r d e d as the mos t i m p o r t a n t c o m p o n e n t of the topsoi l , which m a i n t a i n s the soil 
s t r u c t u r e a t an o p t i m u m b y means of t h e in tens ive complex- forming abili ty of t he humic 
acid a n d related c o m p o u n d s contained in i t , and th rough i t s advan tageous p r o p e r t y of 
being ab le to fix a n d s to re compounds of m a n y t r ans i t ion metall ic and non-meta l lc 
e l ements which are ind ispensab le to t he topsoi l . 
TARJÁN, В . : T h e use of fer t i l izers on areas wi th va r ious degrees of slope requires special a t ten-
t ion a n d skill in o rde r t o prevent c e r t a i n components of t h e fertilizers f r o m being 
regu la r ly t r ansmi t t ed t o lakes and r ivers (or a t least to r e d u c e their quant i t ies ) . 
TUKACS. 0 . : T h i s is a real p r o b l e m which should be solved u r g e n t l y because of i ts dimensions, 
its i m p o r t a n c e for t h e na t iona l economy a n d its impl ica t ions for env i ronmen ta l pro-
t ec t ion . 
I n Hungary f l u v i a l erosion (soil washed off b y m o v i n g water) a f f ec t s some 
43,500 k m 2 , 47% of t h e t e r r i t o ry of t he c o u n t r y . Of th is 
858,000 ha a r a b l e a rea is slightly e roded (less t h a n 3 0 % ) , 
885,000 ha a r a b l e a rea shows m e d i u m erosion (30 7 0 % ) and 
554,000 ha a r a b l e a rea is highly e r o d e d (more t h a n 7 0 % ) . 
O n eroded a reas t h e crop yields decrease . According t o t he da ta erosion causes a 
yield loss equivalent t o 900,000 tons of w h e a t a year. 
Eros ion also c a u s e s damage which c a n n o t be expressed exactly in f igures , t h a t is, 
the d a m a g e done to n a t u r e itself, more precisely: to the noosphere , since t h e landscape 
r ep resen t s the h u m a n env i ronmen t w h i c h is t r ans fo rmed f r o m a biosphere in to a noo-
sphere according to t h e social r equ i rements . At the same t i m e , the landscape not only 
ensures t h e material l i v ing conditions of t h e society, b u t is also the carr ier of high-
r a n k i n g esthetic va lues . 
O n e type of d a m a g e caused by w a t e r erosion is t h e leaching of nu t r i en t s . In the 
case of artificial f e r t i l i za t ion the n i t rogen , phosphorus a n d potass ium c o m p o u n d s are 
carr ied i n to s tanding w a t e r s either b o u n d t o soil f rac t ions in t he deposit or dissolved in 
the r u n - o f f . There t h e y become c o n c e n t r a t e d and subs t an t i a l l y change t h e qual i ty of 
the w a t e r . 
T o the quest ion of whether the e x t e n t of leaching is considerable only an approx-
ima te answer can be g iven , based on e s t ima tes . The l each ing of nu t r i en t s c a n be de-
t e r m i n e d for a given c a t c h m e n t area, b u t such calcula t ions cannot give e x a c t values 
owing t o t he in te rac t ion of numerous f a c t o r s . For example , n i t rogen does n o t only enter 
the soil in the form of fer t i l izers ; the soil i tself has a n a t u r a l n i t rogen con ten t , or iginat ing 
f r o m decayed plant a n d an imal organisms a n d from the a c t i v i t y of n i t r i fy ing bacter ia . 
A s s u m i n g an o p t i m u m r a t i o of nu t r ien t s t h e basis of ca lcu la t ion may be t h e difference 
b e t w e e n the amount of ferti l izer suppl ied a n d t h a t u t i l ized b y the p lants , wh ich is the 
a m o u n t which a c c u m u l a t e s in the soil. F r o m this amoun t t h e ex ten t to which nu t r ien t s 
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b o u n d to soil grains are washed away c a n be computed b y t he equat ion set u p by 
Wischmeye r —Smith fo r t h e est imation of general soil loss. 
The calculat ion is still more compl ica ted , and consequent ly less accura te , w h e n 
the n u t r i e n t concen t ra t ion in s tanding w a t e r s due to var ious industr ia l and c o m m u n a l 
was tes a n d to liquid m a n u r e is to be es tab l i shed . 
Tak ing these dif f icul t ies into cons idera t ion let us ca lcula te the per ha a m o u n t of 
n u t r i e n t s washed a w a y each year in the a rea of Lake B a l a t o n in the case of an ave rage 
soil erosion level of 25 ton /ha 'yea r . 
N P 
f r o m the original nu t r i en t con ten t of t h e soils 50 kg 9 kg 
surplus af ter fer t i l izer d is t r ibut ion 7 ,, 5 ,, 
surplus af ter p loughing the fer t i l izer in 1 ,, 0.5 ,, 
t o t a l af ter fer t i l izer d is t r ibut ion 57 ,, 14 ,, 
t o t a l af ter p lough ing the fertilizer in 51 ,, 9.5 ,, 
N o t all of the a m o u n t calculated in th i s way reaches t h e water of Lake B a l a t o n , 
b u t only 3 .8% of i t , according to Boehl ' s quo t i en t for depos i t t ransmiss ion. 
T h e da ta unequivoca l ly show t h a t t h e ex ten t of leaching is s ignificantly less when 
the fer t i l izer is p loughed in to the soil a f t e r d is t r ibut ion . As m u c h as 80% of t he fert i l izer 
m a y be washed away if i t is not p loughed in to the soil, depend ing on the in tens i ty and 
d u r a t i o n of rainfall a n d on the t ime wh ich has elapsed since t h e dis t r ibut ion. T h e s i tua-
t ion is t h e same in t h e case of incorrect fer t i l izer storage. I n H u n g a r y only 9 .14% of t h e 
fer t i l izers sold are p laced in covered s tores , and thus 15% of the active agen t is lost . 
F r o m the po in t of view of e n v i r o n m e n t a l p ro tec t ion t h e ni t rogen and p h o s p h o r u s 
fer t i l izers are the dange rous ones. I n t h e process of eu t roph iza t ion the decisive f ac to r 
is t h e presence of phospho rus , a m i n i m u m q u a n t i t y of wh ich is required, in c o n t r a s t 
to t h e soil, where t he m i n i m u m a m o u n t of n i t rogen is t h e f ac to r t h a t de te rmines t he 
yield. Alga fo rma t ion is par t icular ly in tens ive in the presence of o r tho-phosphorus . 
As a consequence of vege ta l nu t r ien ts f lowing in to the s t a n d i n g waters the accumula t i on 
of n u t r i e n t s accelerates, a n d as a resul t t h e aqua t i c p l an t s overgrow and p roduce m o r e 
organic m a t t e r t h a n t h e he te ro t rophic o rgan i sms are able t o uti l ize. The ox ida t ion of t h e 
great mas s of decayed p l a n t s require m o r e oxygen t h a n t h e vegeta t ion can p roduce . 
Some p l a n t species m u l t i p l y a t the expense of others . As a consequence of t he changed 
f lora t h e f a u n a of t h e s t and ing water also changes, so a b reak occurs in t he cha in of 
nu t r i t i on , the biological equil ibr ium is u p s e t and the eu t roph iza t ion accelerates . The 
o v e r g r o w t h of weeds in Lake Balaton a n d Lake Velence is t h e visible consequence of a 
de t e r io ra t i on in the q u a l i t y of the water t h a t has t aken place dur ing the last two decades . 
Fo r the g rowth of algae the mere presence of o r tho-phosphorus in the w a t e r is 
not su f f i c ien t ; the c o m p o u n d mus t reach t h e algae a t a t ime when they can use i t , t h a t 
is. b e t w e e n April a n d Augus t . Most of t h e fertil izers used in agr icul ture are no t dis-
t r i b u t e d dur ing this pe r iod . 
T h e average y e a r l y a m o u n t of soluble o r tho-phosphorus and to ta l p h o s p h o r u s 
f o u n d in t he water of L a k e Neagh, N o r t h e r n I re land , is no t corre la ted wi th t h e v o l u m e 
of p h o s p h o r u s ferti l izers applied in the c a t c h m e n t area of t h e lake. In the case of n i t ro-
gen fert i l izers, on t h e o t h e r hand , t he inves t iga t ions show a close correlat ion. 
I t can be seen f r o m the above, t h a t t h e fertilizers used in agricul ture t o increase 
the v o l u m e of yield also pol lute the e n v i r o n m e n t , even if t h e e x t e n t of pol lu t ion is no t 
as g r ea t as it was t h o u g h t t o be in recent years . P reven t ion , control , and ef for t s t o f ind 
a w a y of protect ion are t h e dut ies of society if t he h u m a n race is to survive. In H u n g a r y , 
where t h e proper ty r e l a t ions are nearly all app rox ima te ly t he same, the condi t ions for 
this are given: 
— large-scale f a r m i n g makes complex soil conservat ion and t he un i fo rm a r range-
men t of c a t c h m e n t areas possible; 
— the val idi ty of laws, orders a n d regula t ions ex t ends to soil conserva t ion a n d 
env i ronmenta l protect ion too; 
— a state subs idy of 20 — 70% is g r a n t e d for cer ta in phases of soil conse rva t ion ; 
— there is an organized system for t h e research, p l ann ing and execut ion of soil 
conservat ion. 
T h e problem is composed of two f ac to r s closely re la ted to each other . P r e v e n t i o n 
and con t ro l can also b e approached f r o m t w o sides: 
— the use of mel iora t ive soil conserva t ion m e t h o d s to reduce erosion t o an 
average 15 ton /ha /yea r , which is still in equi l ibr ium with soil f o r m a t i o n ; 
— the wel l -p lanned, skilful app l ica t ion of fertilizers. 
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E r o s i o n can only be p r even t ed or r educed b y means of complex soil conservat ion 
m e t h o d s a n d sensible f a r m i n g on hilly and m o u n t a i n areas, inc luding all the organiza-
t ional , p l a n n i n g , implement ing and produc ing act ivi t ies of the f a rms . I will not enumer -
ate t h e classical mel iorat ive , agronomical a n d technical m e t h o d s of soil conservat ion , 
as t h e y a re well known. Based on the resu l t s a t t a i ned so fa r in t h e control of erosion, 
complex m e t h o d s of soil conserva t ion should con t inue to be employed in the f u t u r e , as 
far as t h i s is f inancially possible , as they also t a k e the tasks of env i ronmen ta l p ro tec t ion 
into cons idera t ion . 
T h e amoun t of fer t i l izer t o be used h a s been de te rmined so f a r wi th a view to 
a t t a in ing as large a yield as possible. F o r t u n a t e l y , th is view is now in the process of 
changing , a n d fertilizers are more and more o f t e n used in quan t i t i e s de te rmined on t h e 
basis of soil analyses. These a m o u n t s , when t h e y are proper ly d i s t r i bu t ed and p loughed 
in, do n o t damage the e n v i r o n m e n t . I t was w i t h th i s in view t h a t t h e P l a n t P ro t ec t i on 
and Agroehemis t ry Centre a n d the P l a n t P r o t e c t i o n and Agrochemical S ta t ions were 
es tabl ished; they have the d u t y of carrying o u t analyses once every th ree years n o t only 
for n i t rogen , phosphorus a n d potass ium b u t also for the macro- a n d microelements. 
A m e t h o d of de t e rmin ing the o p t i m u m r a t e of ferti l izer appl ica t ion has been 
evolved b y t he researchers. T h e f a rms are also f inancia l ly in te res ted in th is because of 
the inc reased prices of fert i l izers . 
T h e storage of fer t i l izers , on the o ther h a n d , leaves m u c h to he desired for environ-
men ta l p ro tec t ion and economic reasons alike. Fert i l izers delivered in bags can be s tored 
in t he o p e n for some t ime , b u t their use requ i res a great deal of m a n u a l labour. B u l k 
fer t i l izers can only be s tored wi thou t loss a n d env i ronmenta l pol lu t ion under cover . 
The cons t ruc t ion of special fert i l izer stores requi res the i nves tmen t of a considerable 
sum. B u t who is to bear t h e inves tmen t costs , t he m a n u f a c t u r e r s , t he wholesalers or 
the u s e r ? A n d if the cost is shared , in w h a t p r o p o r t i o n ? These ques t ions are still wa i t ing 
to be so lved . Even the s imples t me thod of s to rage requires a solid (concrete or a spha l t ) 
f o u n d a t i o n against in f i l t r a t ion , a m i n i m u m of side walls to p r even t washing away , a n d 
a p o l y t h e n e cover, as is done in Aust r ia . 
T h e fertilizers used a t present are r ead i ly dissolved in w a t e r , so the rain quickly 
washes t h e m away or in to t he soil. E x p e r i m e n t s are being carr ied ou t to produce a n d 
employ slow action fert i l izers which dissolve in wa t e r wi th d i f f icul ty . A t a lower n u t r i e n t 
level t h e r e is no signif icant difference be tween slow action and w a t e r soluble n i t rogen 
fert i l izers , h u t at a higher level of act ive agen t s t he former h a v e a b e t t e r effect on t h e 
yield. F r o m the point of v iew of env i ronmen ta l p ro tec t ion the in t roduc t ion and general 
use of t h e s e fertilizers wou ld he desirable in spi te of the higher cost . 
I should like to emphas ize ano ther i m p o r t a n t f ac to r : h u m a n carelessness, wh ich 
may he d u e to a lack of professional knowledge or m a y or iginate f rom negligence. 
As f a r as p l an t pro tec t ion is concerned th i s p rob lem has been solved: the f a r m s are 
obliged t o employ t ra ined specialists and skilled workers . Any essent ia l i m p r o v e m e n t in 
field of fer t i l izat ion can only be expected f r o m a similar solution. 
T o sum up : some of t h e fert i l izers used on sloping areas are washed a w a y , 
p a r t i c u l a r l y when they are appl ied in large quan t i t i e s . The e n v i r o r m e n t a l pol lut ion t h e y 
cause o n l y appears ind i rec t ly , so they are po ten t ia l ly dangerous . T h e best m e a n s of 
p r e v e n t i o n is to remove t h e source of danger . Th i s can only he p u t in to pract ice, however , 
for one of t h e components of th i s complex p r o b l e m : erosion, which, on the basis of r e su l t s 
a t t a i n e d a n d the m e t h o d s developed so f a r , can be reduced to a considerable e x t e n t , 
d e p e n d i n g on the f inancia l means available. T h e use of fert i l izers t o increase t he yield 
will be neeessa iy in the f u t u r e too, if the wor ld popula t ion is to be supplied wi th food , 
bu t t h e r a t e and manne r of fer t i l izat ion m u s t be de termined b y exper t s in order t o 
p reven t a n y damage to t h e env i ronment . 
TULCZ, I . : I n m y opinion, there m a y be considerable leaching of nu t r i en t s due to water erosion 
on s loping areas. For these areas special m e t h o d s of fert i l izat ion should he e labora ted , 
and t h e i r applicat ion should be supervised b y t h e competent au thor i t ies . 
O n areas exposed t o erosion increased a t t en t i on should be paid to the use of 
n i t rogen . 
Inc reased stress should be laid, in m y opinion, on con tour line soil cu l t iva t ion 
on s loping areas. I t is v e r y i m p o r t a n t to f i n d w a y s of mechaniz ing t he work on these 
areas, because soil cu l t iva t ion along t he con tou r lines offers g rea t possibilities for pro-
tec t ion aga ins t erosion. 
* 
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PÁL, GY.: Plants demand different quantities and qualities of nutrients in the successive phases 
of development. What is your opinion on divided top dressing? Does it have neither a 
quantitative, nor a qualitative effect on the yield (so that the necessary nutrients should 
be applied in one dose before sowing), or is it the most effective, hut is not economical 
(so that the nutrients should be applied as basic fertilizers), or does it give the best 
results both quantitatively and qualitatively? 
Á c s , A.: No clear s t a n d can be t a k e n o n this issue. I t depends on t he p l a n t species and on t he 
kind of fer t i l izer . Phosphorus a n d potassium fer t i l izers have t o b e applied once, while 
nitrogen fer t i l iza t ion , especial ly in the fo rm of N 0 3 , may be d iv ided . For economic 
reasons I a m all for app l ica t ion in a single dose. 
T h e case of wheat f e r t i l i za t ion requires special cons idera t ion; i t might be ju s t i f i ed 
to apply p a r t of the ni t rogen in a u t u m n as bas ic fert i l izer, and a smal ler propor t ion once 
in spring, in t h e form of t o p dress ing. In m a n y cases divided app l i ca t ion in later pheno-
phases is n o t possible due t o t h e development level of the p l an t . I t is also uneconomica l 
because of t h e losses caused b y t reading and b e c a u s e it involves subs tan t ia l add i t i ona l 
costs. Fo l ia r nu t r i t ion car r ied ou t s imul taneously wi th chemical pest control is also 
worth consider ing. 
BARACS, J . : The q u e s t i o n must be cons idered not only fo r each c rop ,bu t fo r each case sepa ra te ly . 
Accord ing to our obse rva t ions , and k n o w i n g t he nu t r i en t u p t a k e of the p l a n t s , a 
divided t o p dress ing seems t o b e more prac t icable and more economica l , par t icu lar ly as 
it can he c o m b i n e d with t h e p ro tec t ion of p l a n t s against funga l diseases. 
BAUER. F.: As long as a farm uses sma l l amounts of fer t i l izer , n i t rogen c a n be supplied as a 
basic fer t i l izer unde r winter cerea l s in addi t ion t o phosphorus a n d potass ium. O n h e a v y 
soils all t h r e e should be p l o u g h e d in, whereas o n s a n d y soils it is b e t t e r to apply n i t r ogen 
to the g round surface. N i t rogen t o p dressing is t h u s only occasionally necessary t o fos te r 
spring d e v e l o p m e n t . In the case of a high r a t e of n i t rogen fe r t i l i za t ion quan t i t a t i ve a n d 
perhaps q u a l i t a t i v e aspects t o o m a y jus t i fy a d iv ided ni trogen t o p dressing. 
ВЕКЕ, F.: At p r e s e n t it is impossible t o give a genera l answer to t h e quest ion. U n d e r d r y 
conditions a n d on heavy soils a single app l ica t ion is generally sa t i s fac tory . U n d e r t h e 
opposite cond i t ions many c rops reac t bet ter t o d iv ided fertilizer appl ica t ion . The p l a n t s 
have the h i g h e s t water a n d n u t r i e n t r equ i r emen t s in the m a i n g rowth period. If t h e 
necessary n u t r i e n t s are not ava i l ab le in suff ic ient quant i t i es d u r i n g th i s period, th i s will 
have an i m p a c t on the y ie ld . I n such cases t h e divided app l i ca t ion of fertilizers is of 
impor tance , b u t only if t he n u t r i e n t s reach t h e ac t ive root zone. 
ВЕКЕ, I . : Divided t o p dressing has a n e f fec t on the p l a n t b o t h q u a n t i t a t i v e l y and qua l i t a t ive ly . 
From a physiological point of v i ew the nu t r i en t s are best appl ied if and when t h e y are 
needed by t h e p lan t . Of course , t h i s refers to ava i l ab le and u t i l i zab le nut r ients . Th i s is 
best even f r o m the point of v i e w of economic e f f ic iency , because i n th i s case there is less 
likelihood of leaching and o t h e r losses. N u t r i e n t deficiency a n d excessive n i t rogen 
applicat ion m a y influence t h e p ro t e in composi t ion and biological va lue . 
In l ives tock breeding p r o t e i n deficient f eed ing may r e su l t in the r educ t ion of 
muscular t i s sues , while in c rop p roduc t ion a s h o r t a g e of nu t r i en t s m a y cause def ic iency 
diseases. 
The economic efficiency of correctly t i m e d t o p dressing a n d foliar nut r i t ion is no 
longer d i spu t ed in most f a rms . 
BuzÁs , I.: In the d i f f e r e n t phases of deve lopmen t p l a n t s r equ i re a v a r y i n g q u a n t i t y and q u a l i t y 
of nut r ients . T h i s much is k n o w n , bu t wha t n u t r i e n t s are ac tua l ly required, in w h a t 
quan t i ty a n d when , for t h e ind iv idua l p lant species (or var ie t ies ) under H u n g a r i a n 
conditions h a s no t yet been es tab l i shed , so no general izat ions c a n be made on a na t io -
nal scale. 
Unt i l t h i s basic k n o w l e d g e becomes ava i l ab le the r e f o r m of the t r ad i t i ona l 
system of fer t i l iza t ion and t h e harmonious a n d con t inuous n u t r i t i o n of p lants m a y be 
discussed b u t canno t be p u t i n t o practice, a n d t h e e x p e r i m e n t a t i o n with divided fe r -
tilization is s imply a case of g r o p i n g in the d a r k . 
Some experienced r ep resen ta t ives of t h e profess ion have p r o v e d the a d v a n t a g e s 
of divided fer t i l izer appl icat ion in certain crops (pr imar i ly win te r w h e a t ) on the bas is of 
practical r esu l t s . These should be scientifically con f i rmed so t h a t e x p e r t advice on how 
ferti l ization shou ld be carried o u t could include t h i s point too. 
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CSILLÉRY, M.: Observa t ions show t h a t t he ques t ion of whether to a p p l y the necessary a m o u n t 
of n u t r i e n t once in a u t u m n before sowing, or on several occasions depends on t h e con-
di t ions of t he current crop yea r . 
Since the meteorological fac tors c a n n o t be foreseen, t h e present p rac t i ce is to 
supp ly n i t rogen to winter w h e a t in two ins t a lmen t s , while w i t h spring-sown c rops the 
p h o s p h o r u s and po tass ium, a n d 50% of t he n i t rogen are d i s t r i b u t e d in a u t u m n , a n d the 
res t of t h e ni t rogen is appl ied in spring before sowing. 
Af t e r a b u n d a n t p rec ip i t a t ion in a u t u m n and winter t h e crops are o f t e n str iped 
in spr ing. This is t he resul t no t only of u n e v e n fertilizer d i s t r ibu t ion b u t also of the 
leaching of ni t rogen. 
A f t e r t o p dressing in spring t he s t r ipes disappear a n d t h e wheat s t a n d s ta r t s 
growing uni formly . 
Top dressing by a i r c r a f t costs 90 —100 F t / h a which corresponds to t h e pr ice of 
30 kg w h e a t . This is no t a large enough s u m t o be worth saving o n and would in a n y case 
r e p a y itself. 
DEHRECZENI, В.: The quest ion does not define t h e p l a n t species or t h e kind of fer t i l izer con-
cerned. Since top dressing is carr ied out exclusively with n i t rogen fertilizers, a n d mos t ly 
in win te r cereals, I shall on ly refer to these in m y answer. E x p e r i m e n t s a n d prac t ica l 
exper ience show t h a t a t t h e present ave rage level of n i t r ogen applicat ion (150 — 200 
kg /ha ni t rogen) , divided n i t rogen fer t i l iza t ion ( two-thirds in a u t u m n and o n e - t h i r d in 
spr ing) is t he most ef f ic ient pract ice as r ega rds bo th the q u a n t i t y and q u a l i t y of the 
crop. According to our p re sen t knowledge, repea ted n i t rogen t o p dressing d u r i n g the 
g rowth season is not a lways successful or economical. 
HARASZTI, E . : The favourab le ef fec t of fer t i l izat ion ( top dressing) on t h e quan t i ty a n d qual i ty 
of yield when it is a d j u s t e d t o the d e m a n d s (development s tages) of the p l a n t s h a s been 
re l iably p roved . The a m o u n t of ferti l izers used for the d i f f e ren t crops is dec ided t ak ing 
t h e e x t r a cost of d i s t r ibu t ion and t he va lue of the expec ted yield into cons idera t ion . 
I n our experience t o p dressing with 60 k g / h a ni trogen e f fec t ive substance a f t e r grazing 
has given a sa t i s fac tory surp lus yield in g rass fields. Never the less , basic fe r t i l i za t ion is 
necessary even in th is case. 
HARMATI, I . : One of the wel l -known basic condi t ions for a t ta in ing la rge yields is to sa t i s fy the 
n u t r i e n t r equ i rements of t h e p lan t con t inuous ly and ha rmon ious ly t h r o u g h o u t the 
whole vege ta t ion period. B y apply ing t h e 300 — 400 kg /ha of mixed active ingredient 
general ly requi red for w h e a t on one occasion th i s aim will no t be achieved. W i t h a m o u n t s 
as large as th i s divided appl ica t ion is t h e p roper solution. Th i s applies especial ly to 
n i t rogen fertilizers. 
I n whea t p roduc t ion t h e use of 100 —160 kg/ha n i t rogen , depending o n t h e pre-
crop a n d the soluble n i t rogen con ten t of t h e soil, is jus t i f iab le . Ploughing t h i s a m o u n t 
in all a t once, in the fo rm of basic fe r t i l i za t ion , is not advisable for several r e a s o n s (con-
siderable loss, ove r -deve lopment of whea t , etc.) . I n H u n g a r y t h e overwhelming m a j o r i t y 
of t he f a r m s quite correct ly d i s t r ibu te some of the necessary amoun t of n i t rogen 
(40 — 5 0 % ) in the spring in t h e fo rm of t o p dressing, most ly on one occasion. E x p e r i m e n -
ta l resul t s show t h a t n i t rogen t o p dressing in t he spring u sua l ly subs tant ia l ly increases 
t he yield of whea t and improves its qua l i ty . T h e extent of t h i s depends on: 
1) the deve lopment level of the w h e a t la te in the w i n t e r , 
2) the soluble N P K a n d avai lable w a t e r content of t h e soil, 
3) t he prec ip i ta t ion condi t ions du r ing the vege ta t ion period (especial ly im-
media te ly a f te r t op dressing), 
4) t he ra te of top dressing, 
5) t h e date(s) of t o p dressing, 
6) the var ie ty of w h e a t (suscept ibi l i ty t o fungal d iseases and s t raw s t r eng th ) , 
7) t he type of soil. 
I n 1976 ni t rogen t o p dressing on a single occasion (ear ly in April) on ly resul ted 
in a slight (0 — 5 q/ha) increase in yield owing t o the e x t r e m e l y dry wea the r , while in 
1977 it b rough t abou t a 5 —18 q/ha yield increase depend ing on the v a r i e t y , t h e soil 
fe r t i l i ty , t he deve lopmenta l s tage of t he p l a n t s and the r a t e of fert i l izat ion. 
I n 1977, for example , 100 kg N/ha appl ied as top dress ing increased t h e yield of 
t he va r i e ty GK T i sza tá j f r o m 46.3 to 58.6 q /ha , while t h a t of t h e var ie ty G K F 2 was 
only raised f rom 86.6 to 90.8 q/ha. 
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I n order to achieve a cont inuous a n d harmonious n i t rogen supply to w h e a t , t he 
app l i ca t ion of nitrogen t o p dressing on m o r e t h a n one occasion in spring would be 
desirable . However , i t was found t h a t t h e second dose, general ly d i s t r ibu ted a f t e r 
shoot ing in t he second half of April, did n o t a lways increase t h e q u a n t i t y of yield, b u t 
r a t h e r improved the crop q u a l i t y in our expe r imen t s . In spite of t h e f a c t t h a t t h e w h e a t 
requi res t h e most n i t rogen in th is period, n i t rogen top dressing carr ied out a t th i s t i m e 
does n o t h a v e the desired e f fec t . The m a i n cause of this is t h a t t h e usua l ly small a m o u n t 
of p rec ip i t a t i on during th i s period is no t enough to wash t h e n i t rogen into t h e roo t 
zone. F o r th i s reason, a n d p a r t l y owing t o technica l difficulties, m o s t of the f a r m s ca r ry 
out n i t r ogen top dressing o n only one occasion. I t is impossible t o give rigid ru les for 
n i t rogen t o p dressing. 
Good results have recen t ly been a t t a i n e d by carrying o u t N P K top dressing on 
w h e a t in t h e a u t u m n , or even be t te r , in t h e ear ly spring. Some 20 — 30% of t he P K 
and 30 — 5 0 % of the N r e q u i r e m e n t was suppl ied on these occasions. This solution looks 
promis ing , especially a f t e r w in te r s with a lot of precipi ta t ion or w h e n the crop is poor ly 
developed. 
HUSTI, M.: I n m y opinion divided t o p dressing has an influence on b o t h t h e q u a n t i t y a n d t he 
qua l i ty of t he yield. This c a n be explained b y t h e fac t t h a t in ce r t a in phases of develop-
men t t h e nu t r i en t d e m a n d of t he p lan t is h igher . The p l an t s m u s t be helped t h r o u g h 
these per iods with r ap id ly -ac t ing ferti l izers. The p lants should be supplied wi th large 
a m o u n t s of fertilizer if l a rge yields are t o be produced. I t is p r imar i ly n i t rogen t h a t 
causes t r o u b l e when app l i ed in large quan t i t i e s . If all the n i t rogen act ive agent t o be 
given t o t h e wheat were suppl ied in a u t u m n , t h e initial deve lopmen t of t he crop would 
be too in tens ive , and a t h i ck snow cover wou ld create u n f a v o u r a b l e condit ions for t h e 
whea t . F u n g a l diseases do g rea te r damage in a n overdeveloped s t a n d . An initial a b u n d -
ance of n i t rogen may t u r n in to ni t rogen def ic iency in the second half of t he vege ta -
t ion pe r iod . 
T h e divided app l ica t ion of n i t rogen is par t icular ly necessary for winter cerals. 
Apar t f r o m an increase in yie ld , a be t t e r q u a l i t y crop is o b t a i n e d w i t h th is m e t h o d . 
K i s s , A. S.: B o t h t h e q u a n t i t a t i v e a n d qua l i t a t ive e f fec ts of divided t o p dressing are f avou r -
able, as observed in whea t (by applying n i t rogen in the fo rm of bas ic fer t i l iza t ion, t h e n 
a t t i l ler ing and before f lowering) . Bo th t h e q u a n t i t y and q u a l i t y of t h e yield (pro te in 
con ten t , thousand-gra in-weigh t ) , and consequen t ly the ferti l izer convers ion, were f o u n d 
to be bes t in the case of d iv ided fer t i l izat ion. T h e be t te r u t i l i za t ion of ferti l izer in t h e 
case of d iv ided ni trogen appl ica t ion m i g h t be explained by t h e decreased loss due t o 
leaching. Divided top dress ing is t hus exped ien t . 
K i s s , Ä.: Mode rn , divided t o p dress ing, which t a k e s in to considerat ion t h e deve lopmen t of t h e 
crop, m u s t be applied even if, for economic reasons , fertilizer d i s t r i b u t i o n on one occasion 
is r e c o m m e n d e d . Divided t o p dressing gives b e t t e r results b o t h q u a n t i t a t i v e l y a n d 
qua l i t a t ive ly , and is p re fe rab le f rom t h e p o i n t of view of e n v i r o n m e n t a l p ro t ec t i on 
as well. 
KOLTAY, Â.: T h e dis t r ibut ion of t h e ful l doses of phosphorus and p o t a s s i u m before sowing is 
still genera l practice, t h o u g h an increasing n u m b e r of exper imenta l d a t a show t h a t t h e y 
can be appl ied jus t as e f f ic ient ly in t he f o r m of top dressing, e.g. in winter w h e a t . 
I n exper iments carr ied ou t wi th w in t e r whea t on a che rnozem soil wi th fores t 
residues a t Mar tonvásár , N P K proved t o h a v e pract ical ly the s a m e effect , ave raged for 
years a n d variet ies, when appl ied as a bas ic fert i l izer or in t h e f o r m of t o p dressing in 
spring. T h e op t imum d a t e for ni t rogen app l i ca t ion depends on a g rea t m a n y c i rcum-
stances. T h e widely used m e t h o d of supp ly ing one-third or half of t he to ta l a m o u n t 
before sowing as a basic fer t i l izer , and t he res t in t he fo rm of t o p dressing is qui te safe. 
There are cases when t h e m o s t successful m e t h o d of appl ica t ion is t o d i s t r ibu te t h e 
whole a m o u n t in a u t u m n . O n light soils a n d in winters wi th a b u n d a n t p rec ip i ta t ion 
spring appl ica t ion is jus t i f i ed b y the danger of leaching. In e x p e r i m e n t s a t Mar tonvásá r 
ident ical a m o u n t s of n i t rogen supplied to w in t e r whea t in a u t u m n ( immedia te ly before 
sowing), in th ree equal p a r t s in t he course of t h e winter , and on one occasion a t t h e end 
of win te r , p roved to have pract ica l ly the s a m e effect . Yield d i f ferences due to t he d a t e 
of fe r t i l i za t ion , and dif ferences between d iv ided and single dose appl ica t ion , were n o t 
s ignif icant . 
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According to t he d a t a obta ined so f a r , on H u n g a r i a n soils, which are b e c o m i n g 
richer a n d richer in ava i lab le nut r ien ts , t h e f rac t iona l app l i ca t ion of n i t rogen is n o t 
economical , and can, in f a c t , only be carr ied o u t sa t is factor i ly b y a i rcraf t . 
KovÁTS, A.: T h e p lan t requ i res a n adequa te n u t r i e n t level to p roduce large yields, so t h e 
nu t r i en t con t en t of t h e soil m u s t be raised t o a level which will sui t the needs of t h e 
p lan t . A dis t inct ion shou ld be made , however , be tween phosphorus , po ta s s ium a n d 
n i t rogen fer t i l izat ion. T h e necessary a m o u n t s of phosphorus a n d potass ium are app l ied 
in t he f o r m of basic fe r t i l i za t ion and are p loughed into t he soil, a n d in general care is 
t a k e n t o see t h a t the soil is cont inual ly well suppl ied wi th these nut r ients . Fer t i l i ze rs 
conta in ing ni t rogen, on t h e o the r hand , are appl ied pa r t ly as bas ic fertilizer a n d p a r t l y 
in t he f o r m of top dress ing. 
According to e x p e r i m e n t s carried o u t in H u n g a r y in regions wi th heavier soils or 
which do n o t receive t o o m u c h rain in a u t u m n and win te r a large propor t ion of t h e 
requi red a m o u n t of n i t r o g e n ferti l izer m a y be d i s t r ibu ted in t h e course of the a u t u m n . 
On l ight soils or where t h e r e is heavy a u t u m n and win te r prec ip i ta t ion t he loss of 
n i t rogen accompanied b y env i ronmenta l po l lu t ion m u s t be r eckoned with. A d iv ided 
appl ica t ion of ni t rogen, some in a u t u m n a n d some in spr ing , is therefore safer . Th i s 
means in prac t ice t h a t 50 — 6 0 % of t he n i t rogen r e q u i r e m e n t calcula ted on t h e bas is 
of yield a n d fertilizer conver s ion analyses should be supplied in a u t u m n . (On l ight soils 
even less t h a n t ha t . ) T h e r e s t of the n i t rogen is t h e n appl ied in spring. 
I t is a well k n o w n f a c t t h a t in w h e a t t h e u n d i s t u r b e d progress of organogenesis , 
the necessary number of spikelets and la te r a f avourab le n u m b e r of grains per spike 
depend largely on t he n i t r o g e n supply. If t h e r e is a n i t rogen deficiency fewer spikes 
wi th a lower number of g ra ins per spike will develop. T h u s , t h e quest ion of r e p e a t e d 
top dress ing is closely r e l a t e d with t he a m o u n t of n i t rogen avai lable for t h e w h e a t 
p lan t . U n d e r t he r a t h e r d r y cl imatic condi t ions of H u n g a r y t o p dressing early in spr ing 
dur ing t i l ler ing has t h e b e s t effect . I t m u s t also be t a k e n i n to considerat ion t h a t t he 
soil is still cold a t t h a t t i m e and therefore t h e process of n i t r i f i ca t ion is e i ther to ta l ly 
suspended or very slow, hence the w h e a t does not receive suff ic ient ni t rogen f r o m 
the soil. 
T h e effect of t o p dress ing carried o u t l a t e r is largely a f u n c t i o n of the prec ip i ta -
t ion. W h e a t sown into a soil well supplied w i t h n i t rogen a f t e r a well-chosen pre-crop does 
not usua l ly require f u r t h e r t o p dressing. I f , however , a w h e a t crop previously well 
suppl ied w i t h ni t rogen su f f e r s f r o m a n i t rogen deficiency w h e n it begins to shoot , i.e. 
in t he so-called in tens ive g r o w t h period, t h e n u m b e r of gra ins per spike and t h u s t h e 
yield t o o will be smal ler . There fore top dress ing dur ing t h i s per iod mus t a lways be 
carried o u t on the basis of t h e ac tua l s i tua t ion . I t should he no t ed , t h a t in t he h u m i d 
regions of E u r o p e t o p dress ing dur ing th i s per iod is considered t o be highly i m p o r t a n t . 
B y carry ing ou t t o p dressing a t f lower ing t ime t he thousand-g ra in -we igh t , t h e 
pro te in c o n t e n t and t o s o m e e x t e n t the b a k i n g qua l i ty of w h e a t can be improved . T h e 
effect of t o p dressing a t t h i s t i m e is highly d e p e n d e n t on t h e w e a t h e r , however , a n d in 
dry y e a r s it cannot be c o u n t e d on. This is w h y repor t s of e x p e r i m e n t s carried o u t in 
H u n g a r y o f t en speak of t h e ineffect iveness r a t h e r t h a n of t h e posit ive effect of t o p 
dressing carr ied out l a t e in t h e season. Success can he e x p e c t e d , on the o the r h a n d , 
f rom fol iar nu t r i t ion p e r f o r m e d in the same per iod . 
I n addi t ion , I s h o u l d like to under l ine t h e fac t t h a t u n d e r Hunga r i an cond i t ions 
the q u a n t i t y and q u a l i t y of t h e whea t yield is de te rmined n o t so m u c h by d iv ided t o p 
dressing as by a s a t i s f ac to ry supply of n i t rogen . W h e n a c o n t i n u o u s ni t rogen supp ly is 
ensured w i t h t he r igh t p r e - c rop (e.g. peas) a n d b y increasing soil fer t i l i ty , t h e d iv ided 
top dress ing is of l i t t le i m p o r t a n c e , pa r t i cu la r ly in dry years . 
KÜKEDI, E . : U n d e r t he soil a n d cl imat ic condi t ions of H u n g a r y t h e divided appl ica t ion of 
p h o s p h o r u s and po t a s s ium fert i l izers is no t economical in m o s t cases, since no s igni f icant 
difference which can be a t t r i b u t e d to th i s c a n be observed b e t w e e n t he yield averages . 
The d a t e of P K app l i ca t ion varies wi th t h e crop and t h e c l imat ic condit ions. W i t h 
winter cereals the P K fer t i l izers can mos t ly be d i s t r ibu ted on one occasion before sowing, 
in t h e f o r m of basic fe r t i l i za t ion . W i t h spr ing-sown crops u n d e r arid condi t ions on 
che rnozem- type soils p h o s p h o r u s and po t a s s ium can also be suppl ied in t he a u t u m n . 
W i t h spr ing-sown crops g r o w n on sloping a reas or l ight soils i t is more f a v o u r a b l e t o 
carry o u t P K fer t i l iza t ion in spring, immedia te ly before sowing. 
T h e s i tuat ion is s l igh t ly dif ferent in t h e case of n i t rogen , which is a mobi le , 
easily leached element . A l t h o u g h the yield averages of w h e a t , maize , green maize (sown 
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th ick ly for use as fodder) and S u d a n grass in e x p e r i m e n t s at M a r t o n v á s á r did not show 
significant d i f ferences a t t r i b u t a b l e t o the divided appl ica t ion of n i t rogen , the l a t t e r 
m e t h o d , or t o p dressing with n i t r o g e n are f avou rab l e for winter cerea ls for the follow-
ing reasons: 
— w h e n large amoun t s of n i t rogen are d i s t r ibu ted on one occasion in a u t u m n 
good condit ions are c r e a t e d for a u t u m n infect ions by t h e p a t h o g e n s Erysiphe 
graminis DC f. sp. tritici Marchai, Cercosporella herpotrichoides Fron, Fusa-
rium spp. etc.; 
— on s loping areas and l igh t soils losses due t o leaching will b e g rea t ; 
— t h e s t a lks of winter cerea ls become highly e longated; 
— w h e n spring comes l i t t l e or no ni t rogen is supplied by t h e soil owing to t h e 
low t e m p e r a t u r e , so t h e cereals do not receive the a m o u n t of n i t rogen necessary 
for r a p i d spring s p r o u t i n g ; 
— t h e la rge doses of n i t r o g e n d is t r ibuted in a u t u m n , w h i c h are not a lways 
ca lcu la ted with t he necessa ry accuracy, c a n n o t be cor rec ted in spring; etc . 
For t h e s e reasons the d i v i d e d fer t i l izat ion of winter cereals is advantageous . 
O n very d ry a reas , especially o n chernozem a n d meadow clay soils, n i t rogen can be 
applied at one go in a u t u m n , h u t o n a n y other t y p e of area it is b e t t e r t o supply ni t rogen 
t o winter cereals in two or t h r e e doses. I t can be applied in two doses on areas well 
supplied wi th nu t r ien t s , and a f t e r papi l ionaceous pre-crops. In th i s case the f irs t dis-
t r ibu t ion should t ake place r i g h t a t the beginning of spring, whi le t h e second dose 
should be suppl ied at phenological s tage G-H (on Kel ler—Baggiol in i ' s scale). 
Ni t rogen can be supplied in th ree doses a f t e r pre-crops w i t h u n f a v o u r a b l e a f te r -
effects, which leave a large mass of roo t s behind (maize , sunflower, S u d a n grass, etc.), a n d 
when large a m o u n t s of n i t rogen fer t i l izer are used . I n this case t h e f i r s t dose should be 
d is t r ibuted in a u t u m n , and t h e o t h e r two at t he da t e s ment ioned above . 
The d iv ided nitrogen fe r t i l i za t ion of spring crops is not economica l in H u n g a r y ; 
n i t rogen is bes t applied s imul t aneous ly with soil cu l t iva t ion before sowing. However , 
on meadow a n d pas ture areas , u n d e r irrigated condi t ions top dress ing wi th ni trogen is 
advan tageous a n d economical. 
I t can t h u s be seen t h a t t h e division of phosphorus and p o t a s s i u m fert i l izat ion 
under arid condi t ions is not economica l . Nitrogen, on t he other h a n d , c a n advan tageous ly 
be supplied in t w o or three doses t o winter cereals. The top dress ing of winter cereals 
la te in the season wi th a view t o improving t h e qua l i ty will no t be w o r t h considering 
unt i l good q u a l i t y is bet ter r e w a r d e d . 
LÄNG, G.: The a d v a n t a g e of divided t o p dressing varies according to t he p l a n t species and t h e 
growing site. F o r crops with sho r t vege ta t ion per iods (spring bar ley) d iv ided top dress ing 
is obviously of no impor tance . Spr ing-sown crops w i t h long v e g e t a t i o n periods (maize, 
sugar-beet , p o t a t o , etc.) are n o t respons ive to d iv ided top dressing e i t h e r , par t ly because 
there is l i t t le likelihood t h a t t h e n i t rogen will be leached into t h e d e e p soil layers if i t 
is applied a t one go, and p a r t l y b e c a u s e the p l an t is no t t h r e a t e n e d b y t h e danger t h a t 
an a b u n d a n c e of ni trogen supp l i ed a t an ear ly s tage will cause d i s tu rbances in i t s 
deve lopment . Divided top dress ing is most o f t e n jus t i f ied for w i n t e r whea t in cases 
when the n i t rogen-supplying c a p a c i t y of the soil is na tu ra l ly low, so t h a t a high r a t e of 
ni t rogen fer t i l iza t ion is requi red fo r t h e o p t i m u m ni t rogen supply of t h e p lant . E v e n in 
th i s case t he d i rec t benefi t of d iv ided top dressing is no t always obv ious , h u t never theless 
i t has the a d v a n t a g e t h a t t h e doub le fertilizer appl icat ion c o m p e n s a t e s for t he u n -
evenness of d is t r ibut ion . 
LORINCZ, J . : The n u t r i e n t up take of p l a n t s is a highly d i f fe ren t i a ted and c o m p l e x physiological 
process. The s i tua t ion is d i f f e ren t , fo r example, in t h e case of n i t rogen u p t a k e t han w h e n 
potass ium or phosphorus are t a k e n up . These p h e n o m e n a can p a r t l y be followed w i t h 
labelled e lements . Fu tu re r e s e a r c h m a y yield h ighly i m p o r t a n t r e su l t s in this f ie ld . 
I t h i n k divided n i t rogen appl ica t ion , wh ich m a y be c o m b i n e d wi th p lant p ro -
tect ion, is f a v o u r a b l e for b o t h t h e q u a n t i t y a n d q u a l i t y of yield. I n t h e case of p o t a s s i u m 
and phosphorus the s i tua t ion is d i f ferent . These elements can b e appl ied in a single 
dose or even for several years i n advance . 
MIHÁLYFALVY, I . : U n d e r non- i r r iga ted f a rming condi t ions I agree w i t h t h e applicat ion of 
N P K on a single occasion e x c e p t for a ni t rogen t o p dressing in sp r ing for crops sown in 
a u t u m n , for perennia l pap i l ionaceous plants a n d for grasses. I t is a generally k n o w n 
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f a c t t h a t in spring t h e s e t ypes of p l a n t s are only able t o ut i l ize the ni t rogen con ten t of 
t h e soil a t a cer ta in t e m p e r a t u r e (when ni t r i f icat ion h a s s ta r ted) . The yield-increasing 
e f fec t of nitrogen t o p dressing appl ied t o these crops a t t h e end of win te r or early in 
spr ing has been p r o v e d b o t h in expe r imen t s and in p rac t i ce . 
U n d e r i r r iga ted condit ions, pa r t i cu la r ly in row crops , so-called supp lemen ta ry 
fer t i l iza t ion dur ing t h e vege ta t ion per iod , either by p l o u g h i n g the ferti l izer in between 
t he rows or by d i s t r i bu t i ng it wi th t h e i r r igat ion wa te r , h a s proved more eff ic ient than 
basic fert i l izat ion. 
I n our e x p e r i m e n t s on m e a d o w a n d chernozem soils, fertilizers p loughed into 
t h e d i f ferent layers s epa ra t e ly were f o u n d to be more e f f i c i en t t h a n those in t roduced in 
a single layer. 
MOLNÁR, F . : I n some crops t h e pract ice of d iv ided top dressing h a s become general . The way 
in which plants r e s p o n d to th is t y p e of fer t i l izat ion var ies ; i t dpends on t h e prec ip i ta t ion 
condi t ions and on t h e nu t r i en t - supp ly ing capaci ty and phys i ca l s ta te of t h e soil. I n soils 
wi th a high nu t r i en t - supp ly ing capac i ty divided top dress ing has less inf luence on the 
p l an t s . On soils w i t h a poor skeletal s t r u c t u r e (e.g. s a n d y soils) repea ted t o p dressing is 
j u s t i f i ed . The value of t h e componen t s in p lan ts grown o n soils of this t y p e improves 
u n d e r t h e influence of t o p dressing, a n d a heal thier p l an t s t a n d develops. I n m y opinion 
t h e n u t r i e n t supply of H u n g a r i a n crops is best ensured b y a single top dressing on fertile 
soils, a n d wi th r e p e a t e d t o p dressing on soils wi th a poor s t ruc tu r e and low nutr ient-
supp ly ing capaci ty. 
MOLNÁR, J . : The Bácsa lmás S t a t e F a r m uses t h e following m e t h o d of winter whea t fer-
t i l iza t ion: 
— phosphorus a n d po tass ium fert i l izers are a lways d i s t r ibu ted before ploughing: 
— 50% of t h e n i t rogen fert i l izer is ploughed in be fo re sowing w i t h surface soil 
cu l t iva t ion , 2 5 % of it is suppl ied in the fo rm of t o p dressing in N o v e m b e r at 
the 3-leaf s t age , and 25% a t t h e end of F e b r u a r y or the beginning of March 
a t the sp ike d i f fe ren t ia t ion s tage . Earlier t h e f a r m carried out t o p dressing 
four t imes a y e a r , which involved un remine ra t ive e x t r a costs. 
I n m y opinion bas ic fer t i l iza t ion as t he exclusive m e a n s of supply ing nut r ien ts 
is not good pract ice because of t he dange r of leaching invo lved , and because th i s makes 
t h e u p t a k e of n i t rogen less cer ta in . 
NYÉKI. J . : Th i s quest ion is a f unc t i on of t h e choice of fer t i l izers available on t h e marke t . 
I n t h e case of spring c rops there is no need for divided fer t i l izer appl icat ion; in a u t u m n 
crops i t is generally successful . 
F r o m an economic po in t of view t h e omission of t o p dress ing in spring is jus t i f ied . 
I n t h a t case n i t rogen fer t i l izers t h a t dissolve slowly could b e t a k e n into considerat ion, 
so t h a t t he a u t u m n a n d win te r p rec ip i t a t ion would n o t dissolve it. Considering tha t 
fer t i l izers possessing s u c h proper t ies a re still expensive (p roduc t ion costs are two or 
t h r ee t imes as high), t o p dressing in spr ing, which has a cons iderable effect on t h e yield, 
will be necessary for a long t ime to come. 
PAIS, I . : T h e appl icat ion of n u t r i e n t s in a single dose before sowing is mainly a ques t ion of 
economy or habi t . I n t h e o r y th is t r a d i t i o n a l manner of fer t i l izat ion is u n d o u b t e d l y 
wrong . The errors i n v o l v e d m a y be summar i s ed as follows: 
a) The n u t r i e n t s necessary t o t h e p l an t are suppl ied n o t a t the o p t i m u m time, 
b u t usua l ly 5 — 8 m o n t h s earlier. This m e a n s there is a d a n g e r t h a t some of t h e nu t r i en t s 
(pa r t i cu la r ly the n i t r o g e n compounds) will be washed o u t of the soil a n d be lost to 
t h e p l a n t . 
b) The leached n u t r i e n t s are carr ied into rivers a n d s t r eams , where t h e y dis turb 
t h e es tabl ished ba lance , w i t h consequences which are a l m o s t incalculable. 
c) Some of t h e n u t r i e n t s i n t roduced in to the soil, pa r t i cu l a r ly the w a t e r soluble 
p h o s p h o r u s compounds a n d some of t h e subs tances con t a in ing potass ium, become fixed 
in an insoluble fo rm i n t h e soil and are t h u s not avai lable as nut r ien ts t o t he plants . 
d) F rom the p o i n t of view of t h e f u t u r e I th ink i t is h igh ly dangerous t h a t a con-
s iderab le propor t ion of t h e phosphorus fertil izers p r o d u c e d f r o m a highly restr ic ted 
a m o u n t of raw ma te r i a l is applied too ear ly and to no pu rpose . La te r , w h e n it is of 
decisive impor tance fo r t h e food supply of t he world p o p u l a t i o n there will n o t be suf-
f ic ient r aw mater ia l ava i lab le for the p roduc t ion of phosphorus -con ta in ing fert i l izers. 
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e j In cur ren t agr icul tura l p rac t i ce the appl ica t ion of nut r ients t o t h e soil simul-
t a n e o u s l y with the d e e p ploughing p e r f o r m e d in the a u t u m n is the simplest a n d cheapest 
so lu t ion , bu t wi th a loss of several h u n d r e d million f o r i n t s a year it is d o u b t f u l whether 
i t is real ly economical . Al though not e v e r y nutr ient c a n b e supplied exclusively th rough 
t h e leaves of the p l a n t s , i t has been p roved scientif ically t h a t nearly t h e same effect 
c a n be a t ta ined in t h i s way with a t e n t h or a h u n d r e d t h of the t r ad i t iona l a m o u n t of 
ac t ive agent . W i t h p r o p e r m a n a g e m e n t the ma jo r i t y of nu t r i en t s can b e mixed wi th 
m o s t p lan t p ro tec t ives , whereby t h e e x t r a costs are subs tan t i a l ly r educed . 
PECZNIK, J . : W h e n supp ly ing t he plants w i t h nutr ients , an a t t e m p t should be m a d e to m a k e 
t h e nu t r i en t s ava i lab le in op t imum quan t i t i e s and r a t i o s for the p lan ts t h r o u g h o u t t he 
whole vegeta t ion pe r iod , in accordance wi th their biological r equ i r emen t s (more pre-
cisely: in accordance w i t h p roduc t ion aims). However , t h i s r equ i rement c a n only be 
m o r e or less sat isf ied in hydroponic cu l tures . I t is a we l l -known fac t t h a t t h e soil is not 
an ideal t r ansmi t t e r of nut r ients . I n t h e course of i n t e r a c t i o n s be tween t h e fertil izers 
a n d t h e soil m a n y processes t ake p lace which inhibi t t h e favourable a c t i o n of the fer-
t i l izers and change t h e env i ronment in a manner d i s advan t ageous t o t h e nu t r i t ion of 
t h e p l an t . To m e n t i o n j u s t a few of t h e s e processes: 
— the high sa l t concent ra t ion m a y hinder t h e w a t e r up take of p l a n t s ; 
— the n u t r i e n t demands of p l a n t s cannot gene ra l ly be satisfied exclusively b y 
basic fe r t i l i za t ion , nor can t h e op t imum n u t r i e n t ra t ios be ensu red in this way . 
The possibi l i t ies of top dress ing , however, a re l imi ted ; 
— due to ion exchange the fer t i l izers may adve r se ly alter t h e soil s t ruc ture ; 
— the physiological react ion of fertilizers m a y s h i f t t h e p H condi t ions prevail ing 
in the soil in an u n f a v o u r a b l e direction; 
— losses d u e t o various causes (leaching, den i t r i f i ca t ion , a m m o n i a losses, etc.) 
may occur in t he active a g e n t s of fertilizers in t roduced into t h e soil; 
— some w a t e r soluble c o m p o u n d s (especially t h e o r thophospha te s ) m a y be t rans-
formed in t h e soil into less readily soluble or even insoluble compounds , 
thereby b e c o m i n g unava i l ab le t o the p lan ts ; 
— the pos i t ive effects of microe lements are o n l y fe l t in a cer ta in r ange of con-
cen t ra t ions ; a t higher concen t ra t ions t hey m a y be poisonous, since they are 
mostly cell toxins . On t he o t h e r hand, it is a l m o s t impossible t o de te rmine t he 
o p t i m u m concent ra t ions for t h e individual microe lements , as t h e y m a y ei ther 
weaken or s t reng then each o ther ' s effect , a n d t h e y are also a f f e c t e d by t he 
composi t ion a n d react ion of t h e soil. 
No fu r the r a r g u m e n t is r equ i r ed t o make it c lear t h a t a divided app l i ca t ion of 
n u t r i e n t s generally p rov ides more f avou rab l e condi t ions for the p lan t t h a n when t he 
whole amoun t of n u t r i e n t is suppl ied on a single occas ion in the course of basic fer-
t i l iza t ion . Farm-sca le exper iments , however , do not a l w a y s confirm the h i g h e r efficiency 
of d iv ided fert i l izer d is t r ibut ion. T h e contradict ion c a n be t raced b a c k p r imar i ly t o 
changes in the w e a t h e r and to t h e differ ing soil cond i t ions . Never theless , t h e resul ts 
ach ieved with a m o r e or less con t i nuous (p rogrammed) n u t r i e n t supply c o m b i n e d wi th 
t r i ck le irrigation, fo r example , h a v e p r o v e d the a d v a n t a g e s of divided fer t i l i zer applica-
t i on in practice too . T h e costs of t o p dress ing can be r e d u c e d if nut r ient s u p p l e m e n t a t i o n 
is combined wi th o t h e r cul tural p rac t i ce s (soil cu l t iva t ion , p l an t t end ing , chemica l p l an t 
p ro tec t ion , i r r iga t ion , etc.). Our o w n experiments s h o w t h a t the p r o t e i n content of 
w h e a t can be increased and the q u a l i t y of gluten i m p r o v e d by n i t rogen t o p dressing 
(nu t r i t i on t h rough t h e leaf) carried o u t late in the season . 
Since top dress ing (apar t f r o m fol iar nutr i t ion) m e a n s almost exclus ive ly ni t rogen 
fer t i l iza t ion, w h e n so-called low-act ion N-fertilizers (e.g. c a rbamide - fo rma ldehyde con-
cen t ra tes ) are app l i ed t he to ta l n i t r o g e n requi rement of t h e p lant may p e r h a p s be cover-
ed b y basic fe r t i l iza t ion . The resul ts of invest igat ions on th i s subject , i n c l u d i n g our own 
exper iments , are r a t h e r con t rad ic to ry , however, in a d d i t i o n to which t h e present h igh 
cos t of low-action N-fert i l izers also p reven t s their app l i ca t i on in prac t ice . A few prep-
a r a t i ons (e.g. P l a n t o s a n ) are used in Hungary , b u t only in greenhouses or u n d e r 
po ly thene . 
PETRASOVITS, I.: In our o w n exper iments d iv ided top dressing w i t h lower t h a n m a x i m u m doses 
g a v e t he best r e su l t s b o t h q u a n t i t a t i v e l y and qua l i t a t i ve ly . However , o n a f a r m scale 
t h i s does not a lways coincide w i t h e i ther the possibi l i t ies or the economic o p t i m u m . 
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PozsÁR, В.: A divided t o p dressing c o m p l e m e n t e d with r egu la to r s gives t h e be s t quant i ta t ive 
resul ts , and i ts inf luence on q u a l i t y is also the m o s t favourable owing t o the proper 
supply of nu t r i en t s . 
SEMJÉN, I.: P lan t s r equ i r e A different q u a n t i t y and q u a l i t y of nut r ien ts in t h e successive 
phases of deve lopmen t . The exper ience gained so f a r indicates t h a t t h e best results, 
b o t h q u a n t i t a t i v e l y and qua l i t a t ive ly , are obta ined wi th divided t o p dressing. This 
s t a t e m e n t holds t r u e pi imari ly for cereals, but top dress ing carried o u t a t var ious stages 
of deve lopment m a y give very good resul ts in the case of sugar-beet , maize , and other 
crops as well. Fo r wheat , d ivided n i t rogen appl ica t ion is the r ight m e t h o d under all 
c i rcumstances . I n a u t u m n ni t rogen should only be suppl ied as basic fe r t i l i zer in the case 
of decidedly h a d pre-crops, and e v e n t h e n it mus t n o t be ploughed in deep , but worked 
in to the shallow u p p e r layer of the soil, as the n i t rogen is easily l eached if the a u t u m n 
prec ip i ta t ion is somewha t heavier t h a n usual. 
In m y exper ience the m a i n dose of ni trogen ( 1 2 0 - 160 kg /ha) should be given 
to whea t at t he end of winter , in F e b r u a r y or March, in t h e form of top dress ing. A fur ther 
50 — 70 kg/ha or so a t shooting is also successful. F u r t h e r top dressing a t heading and 
f lowering m a y be highly effect ive on occasion, d e p e n d i n g on the s t a t e of development 
of the plants . 
Maize is also responsive to n i t rogen applied as a s t a r t e r along t h e rows in addit ion 
t o basic fer t i l iza t ion. A high r a t e of ni trogen fer t i l i za t ion is more successfu l in maize 
t h a n in any o t h e r crop. In the case of sugar-beet n i t rogen supplied in t h e form of top 
dressing a t t he 4 —5 leaf stage also produces good resul t s . Divided t o p dressing gives 
t h e best resul ts b o t h quan t i t a t ive ly a n d qua l i ta t ive ly , so this is t h e m o s t economical 
m e t h o d of fer t i l iza t ion. 
SHMILEIÁR, M.: The ques t ion is not so s imple , because it a s sumes the r ep l acemen t of nutr ients 
a n d combines i t w i t h one of t he m e t h o d s of d i s t r ibu t ion : top dressing. According to 
m a n y years of prac t ica l experience fert i l ization is m o s t efficient if t h e nutr ient is 
appl ied in the following way. The a m o u n t of fert i l izer t o be supplied shou ld be evenly 
d i s t r ibu ted in t he cu l t iva ted soil l aye r . This can be i l lus t ra ted with an e x a m p l e . Suppose 
t h a t the soil is be ing prepared for sugar -bee t seed p roduc t ion af ter a cerea l crop. The 
fert i l izers should be dis t r ibuted as a single top dress ing before the s t u b b l e is stripped, 
before a med ium deep ploughing t o kill the weeds, a n d before a deep a u t u m n ploughing, 
and should be complemented if necessary with fol iar nu t r i t ion by a i r c r a f t . The la t ter 
c a n be combined w i t h the s imu l t aneous applicat ion of pesticides and s t i m u l a n t s , which 
t o d a y are p recondi t ions for rel iable large yields. T h e division of n u t r i e n t replacement 
in t ime and space increases the e f f ic iency of fer t i l izat ion. 
The p lan t t r ies to develop r o o t s where nu t r i en t s are to be f o u n d . If t h e nutr ients 
are evenly d i s t r i bu t ed instead of be ing contained in large quant i t ies in t h e same horizon, 
t h e n the root sys t em will develop} u n i f o r m l y t h r o u g h o u t the whole c u l t i v a t e d soil layer. 
The deve lopment of the p lant will be s t eady and t he w a t e r supply e n s u r e d , so the p lant 
will be more capab le of resisting p e s t s and pathogens . 
SZALAI, GY.: W i t h a 25 — 30 q /ha yield on l o a m and clay soils the re was no d i f fe rence in effec-
t iveness be tween single and divided fert i l izer appl ica t ion . At a higher level of produc-
t ion , however, t h e nu t r i en t supply m u s t be ad jus t ed t o t he physiological propert ies of 
t he p lan t . This can be achieved b y t o p dressing and , a b o v e all. t h rough fo l ia r nutr i t ion. 
In dividing the appl ica t ion of top) dress ing, however, t h e cost factor a n d t h e possibility 
of soil compression should be t a k e n i n to considerat ion, so fer t i l izat ion should not he 
divided too m u c h . I n foliar n u t r i t i o n sufficient exper ience is not y e t avai lable with 
r ega rd to the o p t i m u m date and n u m b e r of applicat ions. In Hungary t h i s is the subject 
of f u r t h e r research. 
SZENICZEY, Cs.: The p l an t , like any o ther l iv ing organism, r equ i res the d i f f e r e n t nut r ients at 
a par t icu lar t ime , a n d in definite q u a n t i t i e s and qua l i ty . 
Nu t r i en t s should be given t o t h e priant according to its biological requi rements . 
A t sowing t ime, fo r exampde, it m a k e s no use of n u t r i e n t s which will be necessary for 
emergence. The periodical appl icat ion of nut r ients accord ing to the developrmental stage 
of t he p lant is the re fore more use fu l in spite of the surprlus costs. Th i s p rac t i ce can he 
r ega rded as prac t ica l ly the most i m p o r t a n t means of controll ing the q u a l i t y . 
TARJÁN, R . : W i t h a v iew to op t imum n u t r i e n t conversion a n d from the p o i n t of view of 
env i ronmenta l p ro t ec t i on the "good agr icul tura l p r a c t i c e " of divided t o p dressing seems 
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to be exped ien t , as foreign exper ience also shows. (E.g. the co -o rd ina t ion of fer t i l izer 
and pest icide application.) 
TOMPA, GY.: Top dress ing is one of t h e mos t deba ted subjec ts in d iscuss ions on the n u t r i e n t 
supply of p l a n t s . I t is an i m p o r t a n t operat ion, par t icular ly in t h e case of cereals, as i t 
m a y he a d e t e r m i n a n t of t h e y ie ld . According t o t he present p r a c t i c e , phosphorus a n d 
po tass ium fert i l izers are d i s t r i b u t e d and p loughed in to the soil a t t h e end of s u m m e r or 
beginning of a u t u m n , af ter t h e remova l of t he pre-crop. 
In t h i s w a y the n u t r i e n t na tu ra l ly goes t o t h e bot tom of t h e f u r r o w where i t will 
be located i n a layer as d e e p as t he dep th of ploughing. A f t e r overwinter ing, w h e n 
vege ta t ion s t a r t s , the crop (in t h e present case w i n t e r cereal) needs i m m e d i a t e ass is tance , 
b u t its r oo t zone is then n e a r t h e surface a n d canno t make c o n t a c t with ei ther t h e 
phosphorus or t h e potass ium. I t is then t h a t t o p dressing is of g r e a t impor tance , b u t 
no t only w i t h nitrogen: a fe r t i l i ze r is needed wh ich contains a complex of n u t r i e n t s 
which become available t o t h e p l a n t in a short t i m e even under t h e influence of a smal l 
amoun t of precipi ta t ion. 
On t h e basis of the f a v o u r a b l e experiences obtained in r e c e n t years our p r o d u c -
t ion sys t em ( K S Z E ) has e l a b o r a t e d the fol lowing method and m a d e it an ob l iga tory 
pa r t of i ts technology. I n t h e case of winter w h e a t it has a l r e a d y produced excel lent 
results. The m a i n point of th i s , in t h e case of w h e a t , for example, is t o apply the fer t i l izer 
in two p a r t s . The first s tep is t h e so-called bas i c ferti l ization, w h e n 55 — 60% of t h e 
phosphorus a n d potass ium, a n d 30 — 35% of t h e nitrogen is e v e n l y dis t r ibuted a n d 
ploughed d o w n , or worked i n t o t h e soil, d e p e n d i n g on the pre -c rop . 
The second phase is t h e well-known " t o p dressing", w h e n ins tead of one-s ided 
ni trogen fer t i l iza t ion a c o m p l e x " N P K " n u t r i e n t is supplied in s u c h a way t h a t t h e 
quan t i ty of nu t r i en t p l anned t o be given in spr ing is d i s t r i bu t ed on two occasions. 
The f i r s t , most f a v o u r a b l e t ime of d i s t r i bu t ion is i m m e d i a t e l y af ter the e n d of 
winter , w h e n vegetat ion s t a r t s ; t he a m o u n t suppl ied t hen is 50 — 55% of t h e t o t a l 
amoun t of fer t i l izer used for t o p dressing. 
At t h e second fer t i l izer dis t r ibut ion (wh ich is best c a r r i ed ou t by a i r c r a f t t o 
avoid t r e a d i n g ) all the r e m a i n i n g fertilizer is appl ied . The o p t i m u m t ime for th i s w o r k 
is be tween shoot ing and h e a d i n g . 
The beneficial effects of t o p dressing ca r r i ed out in this w a y a re felt even d u r i n g 
the v e g e t a t i o n period. T h e y m a n i f e s t themse lves primarily in i nc r ea sed growth v igour , 
s t andab i l i ty , reduced d a m a g e a n d larger yields. 
TULCZ, I.: Meteorological factors m a y great ly in f luence t he effect of d iv ided top dress ing . 
Exper ience gained over m a n y y e a r s shows t h a t divided top d r e s s i n g has a f a v o u r a b l e 
effect on b o t h t he quan t i t y a n d qual i ty of y ie ld . I th ink there a r e still great reserves in 
th is respec t , as t he response of p l an t s to t o p dress ing has not b e e n fu l ly exploi ted. T h e 
use of hel icopters enables us t o a d j u s t the d i s t r ibu t ion of fer t i l izers t o the wea ther con-
ditions a n d t o carry out t o p dress ing in cereals twice or even t h r e e t imes in a season . 
* 
PÁL, GY.: AS a consequence of i n t ens ive agricul tural cultivation the p l a n t s extract inc reas ing 
amounts of ni t rogen, p h o s p h o r u s and po tass ium f rom the soil, a n d a t the same t ime 
considerably more organic m a t t e r of vegetable origin is left b e h i n d in the soil ; t h e 
decomposit ion of this, accord ing to our present knowledge, r e q u i r e s surplus n u t r i e n t s , 
surplus n i t rogen . In your op in ion , should n u t r i e n t s only be suppl ied to replace soil 
fertility by ensur ing a n u t r i e n t level corresponding to the n u t r i e n t requirements of the 
plants, or should they be suppl ied at a higher level? 
Acs , A.: In answer ing this ques t ion a dist inction shou ld be made a c c o r d i n g to the species of 
p lant in ques t ion . The root r e m n a n t s of papi l ionaceous plants e n r i c h t he soil themse lves . 
After crops wi th bulky r o o t s containing la rge amounts of cellulose extra n i t rogen 
appl ica t ion t o eliminate t h e so-called " p e n t o s a n e " cffect is j u s t i f i e d . The problem here 
is not only t h e decomposi t ion of t he roots, b u t also the often v e r y large volume of s ta lk 
r e m n a n t s (e.g. maize, w h e a t c u t high) left in t h e field. 
BARACS, J . : This ques t ion has been discussed a great dea l in professional circles. P K accumula -
t ion in t h e soil to s a tu ra t ion level should be m a t t e r for t h o u g h t n o t only for economic 
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reasons. A n excess of fer t i l izers may be f i x e d in an i m p r o d u c t i v e way or b e c o m e un-
avai lable for the p l a n t . N i t r o g e n is a mobi le , non -accumula t ing nu t r ien t , so t he o p t i m u m 
dose, t a k i n g the decompos i t i on of the organic ma t t e r c o n t e n t of the soil into considera-
t ion too , is easy to d e t e r m i n e . A pract ice f r equen t ly e n c o u n t e r e d among g rowers is to 
apply fert i l izers in excess of the ca lcula ted op t imum a m o u n t on the grounds t h a t the 
po ten t i a l p roduc t i v i t y of t h e var ie ty will be be t t e r exp lo i ted i n th is way. Th i s pract ice 
m a y cause p h y t o p a t h o l o g i c a l problems, especial ly in ra iny w e a t h e r , while in d r y wea ther 
a was tage of fert i l izers m a y occur; in t h e case of summer ra in fa l l s r ipening m a y take 
place l a t e r , which does n o t help in increasing t he yield, especia l ly not in cereals. 
BAUER, F. : W h e n a large q u a n t i t y of organic m a t t e r is worked i n to t h e soil the surplus n i t rogen 
requi red for t he process of decomposi t ion should be suppl ied . W h e n nitrogen is applied 
subsequen t ly , however , t h i s surplus m u s t he t a k e n into a c c o u n t . 
ВЕКЕ, F. : The efficiency of t h e nu t r i en t s suppl ied is in inverse r a t i o t o the increase in yield. 
At a ce r ta in level ( v a r y i n g wi th the soil) a s t a t e of equ i l ib r ium is set up. A n y increase 
in t he r a t e of fe r t i l i za t ion above this level causes a yield depress ion . Of course , in the 
course of t h e increased organic m a t t e r decomposi t ion s o m e of t he nut r ien ts suppl ied 
are used u p . The l igh te r t h e soil (colloid s t a t e ) the worse t h e efficiency (washing away, 
more in tens ive life in t h e soil). 
ВЕКЕ, I . : The q u a n t i t y of n u t r i e n t s to be i n t r o d u c e d into the soil s h o u l d be de t e rmined so as 
to m a k e suff icient a m o u n t s of mobile n u t r i e n t s available fo r t h e p lan ts in t he successive 
phases of deve lopment . 
I t is not enough j u s t to replace t h e a m o u n t of n u t r i e n t ex t rac ted b y t h e crop; 
more nu t r i en t s m u s t be appl ied t han are necessary for t h e p l anned yield in o rder to 
make t h e required a m o u n t s available for t h e p l a n t a t any t i m e du r ing the g r o w t h season. 
BuzÁs, I . : W h e n speaking of n u t r i e n t r ep lacement , i t follows f r o m t h e meaning of t h e expres-
sion t h a t we th ink of t h e r ep lacement of as m u c h nut r ien t as w a s removed f r o m t h e area 
wi th t h e m a i n crop a n d i t s by-produc ts . I n th i s case it is impl ic i t ly assumed t h a t the 
nu t r i en t level of t he soil is h igh enough to m e e t the n u t r i e n t requi rements of t h e crop 
p lanned for t he fol lowing y e a r and t h a t n u t r i e n t s only need t o b e provided in a q u a n t i t y 
sufficient t o ma in t a in t h e fer t i l i ty of t he soil. 
If we do not w a n t t h e soil fer t i l i ty t o decrease, r e p l a c e m e n t should be m a d e even 
in th is case wi th suf f ic ien t act ive agent t o ensure t h a t a f t e r t h e actual losses occurr ing 
in t he soil (irreversible f i x a t i o n , leaching, deni t r i f ica t ion, e tc . ) t h e proport ion le f t beh ind 
will be equa l to the a m o u n t of nu t r ien t e x t r a c t e d . 
If t h e nu t r i en t - supp ly ing capaci ty of t h e soil is n o t sufficient to s a t i s fy the 
nu t r i en t d e m a n d of t h e c rop planned for t h e following y e a r , t h e nutr ient r e q u i r e m e n t s 
of t he p l anned crop m u s t be provided i n s t e a d of replac ing t h e amount of n u t r i e n t 
ex t r ac ted in the previous y e a r . To this end enough fertilizer m u s t be used to enab le the 
soil t o supp ly nu t r i en t s in t h e amoun t a n d composi t ion r e q u i r e d b y the p lan t . 
Thus , the n u t r i e n t level is only in accordance wi th t h e nu t r i en t r e q u i r e m e n t s of 
the p l an t if it is able t o s a t i s fy ful ly t he n u t r i e n t demand of t h e plant . I t is n o t wor th 
providing a higher n u t r i e n t concent ra t ion , since i t is not t h e p u r p o s e of fe r t i l i za t ion to 
a t t a in as high a level of n u t r i e n t in the soil as possible. 
DEBRECZENI, В . : The largest possible yield can only be a t ta ined il t h e r e is op t imum co-ordina-
t ion be tween the var ious p roduc t ion fac to rs a n d conditions. M o r e precisely, if o p t i m u m 
produc t ion condit ions a re assumed, t he g u a r a n t e e of a l a r g e yield is the sc ient i f ic 
de t e rmina t ion of fert i l izer ac t ive ingredient r a t i o s and economica l rates of fe r t i l iza t ion . 
M a n y forms of fe r t i l i za t ion extens ion service are e n c o u n t e r e d today in H u n -
garian f a r m i n g pract ice . All the methods of calculation a re f u n d a m e n t a l l y b a s e d on 
assessing t h e amoun t s of n u t r i e n t which can b e ext rac ted f r o m t h e soil and on rep lac ing 
t h e m to va ry ing ex ten t s . T h e t e r m " b a l a n c e d " fert i l ization m e a n s a method of supp ly -
ing t he p l a n t s with t h e a m o u n t of nu t r i en t t h e y need, while t h e available n u t r i e n t con-
t e n t of t h e soil is also m a i n t a i n e d at a de f in i t e level. In o t h e r words , according t o the 
principle of nu t r i en t b a l a n c e , t he rate of fe r t i l i za t ion must b e co-ordinated w i t h t h e size 
of the p lanned yield. 
W h e n planning t h e yield the cl imat ic , soil, agro technica l , etc. condi t ions t h a t 
influence t he crop s t r u c t u r e of the f a r m also have to be t a k e n into cons ide ra t ion 
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Of all t h e fac tors w h i c h influence t he n u t r i e n t r equ i r emen t , agrochemists a n d 
pract ical c rop growers t a k e t h e following in to a c c o u n t : 
a ) t h e n u t r i e n t d e m a n d a n d nutr ient c o n t e n t of the p l an t ; 
b) t he nu t r i en t s suppl ied b y na tura l sources ( the organic a n d minera l subs t ances 
of t he soil); o the r agrochemical propert ies of t h e soil; 
c) t h e degree of fer t i l izer efficiency a n d convers ion; 
d) t h e inf luence of p re -c rop , organic m a n u r e a n d green m a n u r e ; and 
e) t h e ac tua l nu t r i en t b a l a n c e in plots w i t h t h e correct n u t r i e n t content on f a r m s 
carrying ou t regular fer t i l iza t ion . 
The exac t q u a n t i t a t i v e de te rmina t ion of t hese factors is a di f f icul t t ask , s ince 
a lmost all of t h e m are in f luenced differently b y t h e local cond i t ions (rainfall, c u l t u r a l 
pract ices , soil, etc.), which h a v e a n effect on t h e q u a n t i t y of y ie ld , t oo . 
Y e t , if these fac tors a re correct ly judged , t h e n t he amoun t of fert i l izer cor respond-
ing to b u t n o t exceeding t he n u t r i e n t requ i rement of t h e plants c a n be ensured. Fer t i l i zer 
appl ica t ion above th is level m a y be pa r t i cu la r ly dangerous in t h e case of n i t r o g e n , 
owing t o a possible de te r io ra t ion in quali ty, e n v i r o n m e n t a l po l lu t ion , etc. The q u e s t i o n 
no doub t i n t ends t o refer t o t h e recent me thod of replenishing t h e soil wi th p h o s p h o r u s 
and po tass ium. I do not agree w i t h the pr inciple a n d method of replenishing t h e soil 
del iberately w i t h phosphorus a n d potass ium, because if the f a c t o r s mentioned a b o v e 
are given due considerat ion fer t i l iza t ion carr ied o u t in accordance w i t h the principle of 
nu t r i en t ba lance will in a n y case lead to a g r a d u a l rep len ishment , e v e n of soils poo r in 
phosphorus a n d po tass ium, as p roved by t he fol lowing da ta on t h e national n u t r i e n t 
balance for 1975, in 1000 tons: 
N P.O. K.O Total 
Given (inorganic and 
organic fertil izers) 629 466 665 1760 
Removed (ext rac ted by 
the crop) 475 202 505 1182 
± ton 154 264 160 578 
±% 32 131 32 50 
Expressed as kg/ha 
agricultural area + 28 + 4 4 + 27 + 9 7 
This m e a n s t h a t t he r e is no need to acce le ra te this process artificially by u s i n g 
unreasonably large quan t i t i e s of phosphorus a n d potass ium fer t i l izers concent ra ted o n 
cer ta in areas . This would e n d a n g e r the economic efficiency of fe r t i l i za t ion and p r e v e n t 
the u n i f o r m d is t r ibu t ion of fer t i l izers t h roughou t t h e country. 
DEBRECZENI, I . : W i t h respect t o in tens ive agr icul tura l product ion i nc lud ing the ques t ion of 
fer t i l izat ion, a p a r t f r o m p h o s p h o r u s and p o t a s s i u m the role of n i t r o g e n should, in m y 
opinion, be given special a t t e n t i o n . Phosphorus a n d potass ium m a y become par t of t h e 
mineral con t en t of t he soil. T h e phosphorus a n d potass ium e n t e r i n g t he soil w i t h r i c h 
forms of vege t a t i on (e.g. f en ) h a v e never caused a n y t rouble t o c r o p product ion. A t t h e 
same t ime , t he role of these e lements in agr icu l tu ra l product ion is n o t as i m p o r t a n t as 
the role of n i t rogen, for e x a m p l e . 
One p a r t of the r a m i f y i n g nitrogen cycle set u p by n a t u r a l science is i n v o l v e d 
wi th agr icul tura l p roduc t ion . Inf luence is e x e r t e d on this n i t r o g e n cycle. The l a r g e r 
volume of agr icul tura l p r o d u c e resulting f r o m a higher ra te of n i t rogen fe r t i l i za t ion , 
and the consequen t higher consumpt ion of m e a t , mi lk and o ther p r o t e i n rich f o o d s t u f f s 
are wel l -known facets of t h i s process. On the o t h e r h a n d , the l a rge amoun t s of n i t r o g e n 
fertilizer appl ied cause w a t e r pollut ion which m a y ul t imate ly r e s u l t in problems w i t h 
the dr ink ing wa te r supply . T h e World H e a l t h Organiza t ion t o g e t h e r with the W o r l d 
Nut r i t ion Organiza t ion were earlier of the op in ion t h a t the p resence of 100 mg n i t r a t e / 
litre of d r ink ing wa te r was harmless . Today th i s level is de te rmined a t 50 mg; m o r e o v e r , 
in some count r ies 20 mg is considered to he t h e u p p e r limit of h a r m l e s s concen t ra t ion . 
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I n H u n g a r y the p e r m i t t e d ni trate c o n t e n t of the dr inking wa t e r , which was once 200 
mg / l i t r e , is today 10 mg/ I i t r e according t o t h e s tandard MSZ 448/12. 
A higher r a t e of ni trogen f e r t i l i za t ion results in l a rge r yields b o t h w i th in the 
f a r m s a n d on a na t iona l scale. In the case of large yields t h e a m o u n t of n i t rogen ploughed 
in to t h e soil is a lways m o r e than t h a t c o n t a i n e d in the c rop . Is this surplus necessary? 
On t h e grounds of t he a b o v e it seems t h a t i t is. I should l ike t o support t h i s s t a t e m e n t 
w i t h a few data f r o m t h e more or less general 1975 n i t r o g e n balance of H u n g a r i a n 
agr icu l tu re .* 
I n Hungary t h e a m o u n t of n i t r ogen contained in t h e yield of grass land areas in 
1975 w a s 122.7 kg/ha , a t o t a l of 701,477 t o n s . The vo lume of nitrogen i n t r o d u c e d into 
t he soil in 1975 by fe r t i l i za t ion and in o t h e r ways was 130.0 k g ' h a . A compar i son of the 
two d a t a reveals t h a t in 1975 the n i t r ogen content of t h e soil increased b y 7.3 kg/ha . 
O n the basis of t h e average f igures t h e increase in t h e ni t rogen con ten t of t he soil 
in H u n g a r y today is so s l ight t ha t it c a n n o t represent any d a n g e r . Considering t h a t this 
b a l a n c e has only r e c e n t l y become pos i t ive , a f t e r being n e g a t i v e for years, i t m a y even 
be t h a t abundan t n i t r o g e n fert i l ization, t h a t is, ploughing m o r e nitrogen i n t o t h e soil 
t h a n is contained in t h e c rop , satisfies a n e e d . 
However , the o r d e r of magni tude of t h e individual i t e m s of the n i t rogen balance 
sugges t s a certain k ind of wastage (Fig. 1). E a c h hectare of a r e a is given 41.7 k g ni t rogen 
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Contained in 
fodder and litter 
M I L 
i ' l i f f i f f i l ! ' I 





wi th ar t i f i c ia l fe r t i l i ze rs 
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Fig. 1. Combined nitrogen b a l a n c e of major f ie ld c rops and grass land areas, and t h e dis t r ib-
ut ion of t h e individual i t e m s in Hungary , 1975 
* I s t v á n Debreczeni: F o n t o s a b b szántóföldi növényeink és gyepes területeink e g y ü t t e s 
nitrogén mér lege ( Jo in t n i t rogen ba lance of m a j o r f i e ld crops and g ra s s l and areas in H u n g a r y ) . 
Növénytermelés . ( In press.) 
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which is w i t h d r a w n f rom f a r m circulat ion. This is d u e to the fol lowing. The crop of one 
hectare con ta ins 122.7 kg n i t rogen . The a m o u n t of ni trogen r e t u r n e d t o the soil w i t h 
stubbles and roo t r e m n a n t s is 41.9 kg; t ha t sold as food or to o ther indus t r i es is 17.8 k g ; 
and the q u a n t i t y re ta ined in f o d d e r and l i t ter is 63.0 kg. Of the n i t r o g e n contained in 
fodder and l i t t e r 11.6 kg is sold w i t h animal p r o d u c t s while 51.4 k g is collected in t h e 
manure gu t t e r s . This causes a b r e a k in the c i rcu la t ion , which s t a r t s anew with t h e 
amoun t of n i t rogen added to t h e soil in manure , w h i c h is 9.7 kg /ha . T h e rest , the a fore-
ment ioned 41.7 kg /ha n i t rogen, is wi thdrawn f r o m f a r m circulation. 
GYŐRI, D.: In m y opinion, nu t r ien t s shou ld be supplied in a quan t i ty exceed ing the n u t r i e n t 
r equ i rements of t he plants b y 10 — 20%, because t h e soil can only b e m a d e more fer t i le 
by increasing t h e biological cycles of mineral n u t r i e n t s . F rom t h i s po in t of view, of 
course, not only fertilizers b u t also liquid m a n u r e a n d sewage ( w i t h o u t heavy m e t a l 
and rad ioac t ive con tamina t ion ) are of impor tance . 
HARASZTI, E . : I t h i n k an ex t ra a m o u n t of nitrogen fer t i l izer should def in i te ly be supplied to t h e 
soil to decompose the organic m a t t e r , containing m a i n l y c a r b o h y d r a t e , l e f t behind in t h e 
soil. This opin ion is suppor ted b y practical exper ience obtained in Hunga ry . Organic 
m a t t e r decomposi t ion should, however , be p r o m o t e d by appropr i a t e cul tura l pract ices , 
so t h a t t he e x t r a amoun t of n i t r ogen fertilizer u s e d for this purpose c a n be reduced as 
much as possible. 
Table 1 
Population trends in the world, in Europe 
and in Hungary between 1930 and 1970 
Year 
Population, mill ion 
Wor ld Europe Hungary 
1930 2070 504 8.685 
1940 2295 540 9.316 
1950 2517 536 9.293 
1960 2982 589 9.961 
1970 3635 645 10.322 
Year 
Increase re la t ive to 1930 
Wor ld Europe Hungary 
1930 1 . 0 0 1 . 0 0 1 . 0 0 
1940 1.10 1.07 1.07 
1950 1.21 1.06 1.07 
1960 1.44 1.16 1.14 
1970 1.75 1.27 1.18 
HARMATI, I.: In m y experience, n u t r i e n t s should be suppl ied to the p l a n t beyond its requ i re -
ments . W h e n deciding on t he e x t e n t of this, h o w e v e r , the nu t r i en t s m u s t be considered 
individually a n d economic a spec t s should also be t a k e n into cons idera t ion . 
The o p t i m u m nu t r i en t level of the soil is inf luenced not o n l y b y the type of soil 
bu t also b y t h e available w a t e r content . Since t h e water level is cons tan t ly chang ing , 
the o p t i m u m ni t rogen con t en t is t h a t which suf f ices even under d r ie r conditions, a n d 
this is higher t h a n t h a t r equ i red in rainier w e a t h e r . This higher n u t r i e n t level is j u s t i f i ed 
by the need t o provide the r i g h t nut r ient concen t r a t i on in the soil t owards the end of 
the vege ta t ion period, as well as b y the need for a cont inuous s u p p l y of nutr ients . T h i s 
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Table 2 
World trends in the yields of some major crops between 1930 and 1970 
Yield , 1000 tons 
Year  
W h e a t Rice Barley Maize 
1930 131,512 90,700 42,950 100,461 
1940 148,281 131,763 59,700 126,000 
1950 166,600 160,900 57,745 145,500 
1960 243,700 239,700 93,000 222,700 
1970 318,437 308,767 139,551 261,312 
Year 
Increase relative to 1930 
•Wheat Rice Barley Maize 
1930 1.00 1.00 1.00 1.00 
1940 1.12 1.45 1.38 1.25 
1950 1.26 1.77 1.34 1.44 
1960 1.85 2.64 2.16 2.21 
1970 2.42 3.40 3.24 2.60 
is i m p o r t a n t , among o t h e r reasons, because a t t h a t t ime of t h e year the w a t e r level in 
t h e soil is generally lower . The u t i l iza t ion of t he water c o n t e n t of the soil is also much 
b e t t e r in t he case of a n a b u n d a n t n u t r i e n t supply. Thus i t is not enough t o ensure a 
n u t r i e n t level cor responding to the n u t r i e n t requi rement of t h e p lant . 
W h e n de t e rmin ing t he o p t i m u m n u t r i e n t level, t h e t h r e e m a c r o n u t r i e n t s mus t 
be t r e a t e d different ly . 
T h e amount of n i t rogen applied m u s t no t be m u c h h i g h e r t h a n the r e q u i r e m e n t . 
Accord ing to rough e s t i m a t e s , about one a n d a half t imes t h e requ i rement shou ld be 
suf f ic ien t during t h e vege t a t i on per iod. W i t h a view t o pro tec t ion f r o m d rough t , 
suf f ic ien t quanti t ies of soluble n i t rogen shou ld be con ta ined in the deeper soil layers, 
too. W h e n determining t h e op t imum a m o u n t of ni t rogen, however , the soluble phos-
p h o r u s con ten t of t h e soil mus t also be t a k e n into account t o ensure the p r o p e r rat io. 
T h e phosphorus a n d potass ium levels of the soil c a n be safely set m u c h higher, 
since a n abundance of t h e s e elements does n o t cause any d a m a g e to the p lan t s . F u r t h e r -
more , t hese nutr ients , par t i cu la r ly p h o s p h o r u s , are not l e a c h e d out of t he soil, so the 
q u a n t i t i e s can be increased f rom year t o y e a r . 
I n m y opinion, however , it is d e b a t a b l e whether t h e r a p i d rep len ishment of the 
soil w i t h phosphorus is e i the r possible or economical . P h o s p h o r u s becomes m o r e or less 
b o u n d i n the soil d e p e n d i n g on its p H v a l u e and hydro ly t i c acidi ty, and will be un-
avai lable to the p lan t . Replenishing t he soil wi th phosphorus and potass ium t o a fair ly 
high level is reasonable a n d feasible, b u t t h i s is bet ter car r ied ou t gradually. According 
to t h e resu l t s of e x p e r i m e n t s carried out o n a calcareous m e a d o w soil poor in phospho rus , 
no s igni f icant differences were found over t h e average of t h r e e years b e t w e e n yields 
o b t a i n e d wi th P K suppl ied once for t he 3 y e a r s or d i s t r ibu ted y e a r by year. T h e g radua l 
supp ly of phosphorus p r o v e d to he more favourab le . 
Kiss , A.: Th i s quest ion is closely connected w i t h t h e second ques t i on . We should b e w a r e of 
app ly ing above -op t imum fertilizer r a t e s . E n v i r o n m e n t a l p ro tec t ion m u s t neve r he 
neglec ted . I n my opin ion , t h e excessive, above -op t imum use of fertilizers is h a r m f u l . 
KOVÁTS, A. : If crop p roduc t ion is to be reliable t h e soils mus t g r a d u a l l y be replenished with 
p h o s p h o r u s and po t a s s ium un t i l they are well supplied wi th t h e s e elements. S o m e of the 
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soils in H u n g a r y (about 5 0 % ) are well supplied w i t h potassium. I n consequence of a 
high r a t e of phosphorus fer t i l iza t ion some fields h a v e an adequa te level of phosphorus 
too. Under these c i rcumstances fert i l izers only need t o be applied in accordance w i t h 
t he nu t r i en t r equ i r emen t s of t he p lan t s . However , on sites where t he requi red n u t r i e n t 
level has not y e t been a t t a ined an a t t e m p t m u s t be made , depending on the f inancia l 
resources of t he f a rm, to replenish the soil by supp ly ing nut r ien ts in quant i t i es larger 
t h a n those r equ i r ed by the p l an t s . This is the f i r s t s tep . Later the soil m a y be f u r t h e r 
replenished, par t i cu la r ly wi th phosphorus , b e y o n d t he nu t r ien t r equ i r emen t s of t h e 
p lants . This no longer serves t o increase the y ie ld , b u t offers secur i ty in periods w h e n 
the phosphorus supply may p e r h a p s be l imited t o t he reserves in t h e soil (due to t h e 
world m a r k e t s i tua t ion , for ins tance) . At the same t ime , nitrogen should , in m y opinion, 
he supplied according to the r equ i r emen t s of t he p l a n t . 
KÜKEDI, E. : The a m o u n t s of phosphorus and po tass ium to be applied are calculated on t h e 
basis of t he a m o u n t s of P K ac t ive agents e x t r a c t e d by the p lan t s a n d t h a t con ta ined 
in the soil. D a t a on the n u t r i e n t d e m a n d s of d i f f e r e n t crops are f o u n d in tables con-
s t ruc ted for t h i s purpose , while i n fo rma t ion on t h e nu t r i en t con ten t s of soils are g iven 
b y the resu l t s of soil analyses. T h e a m o u n t of P K n u t r i e n t s requi red b y t he p lan ts can 
be calcula ted b y mul t ip ly ing t h e p lanned yield (q) b y the q u a n t i t y of P K e x t r a c t e d 
(kg) by 1 q crop . Win te r w h e a t , fo r example , e x t r a c t s 1.2 kg P 2 0 5 a n d 2.2 kg K 2 0 f r o m 
the soil to p r o d u c e 1 q grain a n d s t r a w yield. T h u s , f o r a 50 q yield 60 k g / h a phosphorus 
and 110 k g / h a po tass ium ac t ive agents are r e q u i r e d . This is t h e t o t a l P K n u t r i e n t 
demand of w h e a t . This is no t , however , identical w i t h i ts fertilizer d e m a n d , as the l a t t e r 
varies according t o the P K c o n t e n t of the soil. As regards the p h o s p h o r u s con ten t of 
the soil t he fol lowing groups can be set up : 
Low phosphorus con ten t ( an average of 10 m g P 2 0 5 /100 g soil) 
Med ium phosphorus c o n t e n t (an average of 11 —18 mg P 2 0 5 / 1 0 0 g soil) 
H igh phosphorus con t en t (an average of 19 — 35 mg P 2 0 5 / 100 g soil) 
Very h igh phosphorus c o n t e n t (an ave rage of above 35 m g P 2 0 5 / 100 g soil). 
(The lower va lues refer to l ight , t h e higher ones t o h e a v y soils.) K n o w i n g these d a t a t h e 
phosphorus fer t i l izer demand of w h e a t or any o t h e r crop can be de t e rmined . The cor-
rect ions are m a d e as follows: 
W i t h low P contents t h e ex t r ac t ed P + 90 k g / h a active agen t 
W i t h m e d i u m P con ten t s t h e ex t rac ted P + 40 kg/ha act ive agen t 
W i t h h igh P contents t h e ex t rac ted P + 10 k g / h a active a g e n t 
W i t h v e r y high P con t en t s t h e ex t rac ted P alone. 
P o t a s s i u m doses are ca lcu la ted in a s imilar w a y , on the basis of t he a m o u n t of 
act ive agen t e x t r a c t e d by t h e p l a n t and the p o t a s s i u m content of t h e soil. The t o t a l 
yield (q) p l a n n e d for the d i f f e r en t crops mul t ip l i ed b y t he a m o u n t of potass ium (kg) 
required for 1 q yield gives t h e K-ac t ive agen t r equ i r emen t . W h e n de te rmin ing t h e 
ferti l izer r e q u i r e m e n t the va lue t h u s obta ined needs correction. Al te ra t ions are m a d e on 
the basis of t h e potass ium c o n t e n t of the soil. T h e following g roups c a n thus be dis-
t inguished: 
Low K - c o n t e n t soil (an average of 11 m g K 2 0 / 1 0 0 g soil) 
Med ium K-con ten t soils ( an average of 12 — 24 mg K 2 0 /100 g soil) 
High K - c o n t e n t soils (an average of 25 — 40 m g K 2 0/100 g soil) 
Very h igh K-con ten t soils (an average of above 40 mg K 2 0 / 1 0 0 g soil). 
(Lower va lues refer to l ight, h igher ones to h e a v y soils.) Taking t he above nu t r i en t levels 
into cons idera t ion the po tas s ium ferti l izer r e q u i r e m e n t of p lants will be : 
on low K-con ten t soils t h e ex t rac ted К -j- 120 kg/ha K 2 0 , 
on m e d i u m K-con ten t soils t he ex t rac ted К -f- 50 kg/ha K 2 0 , 
on h igh a n d very high K - c o n t e n t soils only t h e ext rac ted К should be rep laced . 
Besides t h e above m e t h o d of calcula t ing t h e fertilizer r e q u i r e m e n t there a re 
na tura l ly o t h e r methods too, b u t t h e y are all based on the nu t r i en t d e m a n d s of t he c rop 
and t he n u t r i e n t content of t h e soil. The above m e t h o d has t he a d v a n t a g e of r ender ing 
it possible t o replenish areas poor in phosphorus a n d potass ium, while ma in ta in ing t h e 
level of t hese nu t r i en t s in o the r soils. 
To d e t e r m i n e the o p t i m u m ra t e of n i t rogen fert i l izat ion, howeve r , is much m o r e 
diff icult , as b o t h too much and too little n i t rogen are d i sadvan tageous , because t h e y 
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r e d u c e the yield. T h e s i tuat ion is m a d e more diff icul t b y t he fact t h a t soil analyses 
only record the m o m e n t a r y condit ions a n d do not give a n y informat ion a b o u t changes, 
a l t h o u g h it is well k n o w n t h a t the n i t r ogen content of t h e soil changes m u c h more 
qu ick ly t h a n the p h o s p h o r u s and p o t a s s i u m contents . Fo r these reasons i t is mainly 
t h e a m o u n t of n i t rogen ext rac ted by t h e p lan t s t h a t is t a k e n into cons idera t ion when 
ca lcu la t ing t he necessary ra te of n i t r o g e n fer t i l izat ion. T h e necessary ac t i ve agent is 
aga in given by t h e p r o d u c t of mu l t i p ly ing the p lanned yield (q) by t h e q u a n t i t y of 
n i t r ogen (kg) requ i red for 1 q crop. T h e nu t r i en t r e q u i r e m e n t thus o b t a i n e d is then 
co r rec ted . The N ac t ive agent of any f a r m y a r d manure t h a t m a y he used t h a t year , the 
p re -c rop , the n i t rogen level of the p lo t , t h e t y p e of soil, t h e disease suscept ib i l i ty of the 
c rop in quest ion, t h e t e n d e n c y of cereals t o lodge, etc. are also t aken into cons idera t ion . 
Af te r pre-crops which leave a la rge mass of roo t s beh ind wi th an u n f a v o u r a b l e 
compos i t ion (sunf lower , sorghum, ma ize , etc.) an e x t r a 0.7 kg N/q s ta lk residue is 
supp l ied . 
To sum u p w h a t has been said, t h e rep lacement of phosphorus and po t a s s ium is 
ca r r i ed out tak ing i n to considerat ion t h e quant i t i es of t hese elements e x t r a c t e d by the 
p l a n t s and the a m o u n t s contained in t h e soil. W h e n de t e rmin ing the r a t e of ni trogen 
fe r t i l i za t ion , f i rs t t h e a m o u n t of n i t rogen ex t rac ted by t h e crop, and t h e n t h e ni trogen 
level in t he soil of t h e p lo t , the pre-crop, e tc . are considered. In replacing t h e nu t r ien t s 
t h e m a i n aim is t o rep lenish soils poor ly supplied wi th N P K and to m a i n t a i n t he good 
cond i t i on of soils r ich in nutr ients . 
LÁNG, G.: A t an intensive level of fert i l izat ion t h e decomposi t ion of the organic m a t t e r left in 
t h e soil does not genera l ly require su rp lus ni trogen app l ica t ion . Phosphorus a n d potas-
s ium should be suppl ied ei ther according t o t he n u t r i e n t r equ i rement of t h e p lan t , or 
poss ib ly a t a higher or lower ra te , d e p e n d i n g on the n a t u r a l nu t r i en t - supp ly ing capaci ty 
of t h e soil. At present m o s t soils def in i te ly need to be suppl ied with p h o s p h o r u s if large 
y ie lds are to be o b t a i n e d , so the d i s t r i b u t i o n of a q u a n t i t y exceeding t he r equ i r emen t 
of t h e p lan t is advisable . E v e n in soils r i ch in phosphorus th i s element should be supplied 
in quan t i t i e s exceeding t h e amoun t of phosphorus e x t r a c t e d b y the p lan t , a n d should 
only be reduced t o t h e ex t rac ted a m o u n t as a t e m p o r a r y measure , if a t all. Under 
H u n g a r i a n condi t ions, w i t h po tass ium fer t i l izat ion t h e n a t u r a l po tass ium-supply ing 
c a p a c i t y of the soil c a n be counted on e v e n in the case of in tensive agr icul tura l produc-
t i on , a n d an a m o u n t of potass ium smal le r t h a n t h a t e x t r a c t e d by the p l a n t can be 
app l i ed . B u t in th is case t he po tass ium-supply ing capac i ty of the soil m u s t be checked 
w i t h special care lest t h e potass ium be r educed to a m i n i m u m . 
LŐRINCZ, J . : A nu t r i en t su rp lus , which is r equ i r ed for the decompos i t ion of the o rgan ic m a t t e r 
l e f t in t h e soil, a lways requi res cons idera t ion . This is all t h e m o r e impor t an t as ferti l izers 
also h a v e a greater e f fec t in a soil r ich in organic m a t t e r . 
I n my opinion t h e fertilizer su rp lus requi red for t h e decomposi t ion of t h e organic 
m a t t e r l e f t behind in t h e soil must a lways be ensured. 
The soils passed down to our ch i l d r en and g randch i ld ren mus t not be poorer in 
n u t r i e n t s t h a n those we received f r o m our fa thers . I t h i n k t h a t th is po in t should be 
t a k e n in to considera t ion in each case w h e n replacing t h e n u t r i e n t con ten t of t h e soil. 
MIHÁLYFALVY, I . : When t h e whole above-ground crop is p loughed in to the soil e x t r a ni t rogen 
app l i ca t ion is requi red for the decompos i t ion of the large masses of organic m a t t e r . 
I n o t h e r cases the a r t i f ic ia l fertilizer s u p p l y should be a d j u s t e d to the n u t r i e n t require-
m e n t s of the crop. If ar t i f ic ial fer t i l izers are to be b e t t e r uti l ized and m o r e complete 
a n d quicker decomposi t ion of organic m a t t e r is to be ach ieved , greater a t t e n t i o n should 
be p a i d to ra t ional soil cul t ivat ion. 
MOLNÁR. J . : If regular soil ana lyses are car r ied ou t every two or th ree years i t c a n be de-
t e r m i n e d af ter a few examina t ion cycles whe the r the P 2 0 5 a n d K , 0 levels calculated 
on t h e basis of the phys ica l proper t ies ( s t ruc tu re , v iscos i ty) of the soil a re realistic. 
The a m o u n t of n u t r i e n t s supplied in t h e m e a n t i m e and t h a t ex t rac ted wi th t h e crops 
m u s t be known for t h e eva lua t ion . If t h e ba lance is posi t ive a n d the a m o u n t of nu t r i en t s 
in t h e soil has reached t h e desired level, t h e n overappl ica t ion mus t stop, a n d only the 
n u t r i e n t s required for t h e expected yield should he suppl ied . 
If the level of n u t r i e n t s in the soil is no t sa t i s fac tory , phosphorus a n d po tas s ium 
m u s t be supplied b e y o n d the amoun t r equ i r ed for the expec ted yield, a t s u c h a ra te 
t h a t t h e soil will r e ach t h e required n u t r i e n t level as soon as possible. 
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NYÉKI, J . : I t is not only b y t he amount of g ra in , s t raw, roo t , t u b e r and green p l a n t pa r t s , 
wh ich can he direct ly expressed in f igures , t h a t the effect of fer t i l izat ion can be assessed, 
since w h e n larger y ie lds are produced a p ropor t iona te ly larger q u a n t i t y of root r e m n a n t s 
are l e f t behind in t h e soil. This is where t h e af ter -effect of fer t i l izat ion is t o be f o u n d . 
In soils containing l a rge amoun t s of n u t r i e n t s the organic m a t t e r tu rnover will also be 
in tens ive , and consequen t ly , even if occasionally fert i l izers are not applied for a year 
t h e yie lds will p r o b a b l y no t be reduced a t once. In order to ma in t a in a high yield level 
and s teadi ly exploit t h e yield potent ia l t h e q u a n t i t y of ac t ive agent used should a lways 
be a t least 10 — 1 5 % m o r e t h a n what t h e p l a n t s ex t rac t f r o m t h e soil. If th is is no t done 
t he possibi l i ty of o b t a i n i n g surplus yie lds is lost and t he m a x i m u m p roduc t i v i t y of the 
new var ie t ies will neve r be known. W h a t would h a p p e n if t he amoun t of n u t r i e n t s 
r equ i r ed for the B á n k u t i wheats were t o be applied t o d a y ? 
PAIS, I . : If we possessed a t o t a l l y reliable b a l a n c e for measur ing nu t r i en t dynamics , it would 
be advisable , on t he m a j o r i t y of soils, t o u se j u s t enough fert i l izer to restore t h e fe r t i l i ty 
of t h e soil, t h a t is, t o cover its n u t r i e n t requ i rements . W i t h a slight exaggera t ion it 
m i g h t be said t h a t t h e soil only serves t o "ho ld the p l a n t " . This ra ther s t r ange s ta te -
m e n t applied p r imar i ly t o the poor q u a l i t y sandy soils which are qui te f r e q u e n t in 
H u n g a r y . 
PECZNIK, J . : Ni t rogen-def ic ien t organic m a t t e r of vegetable origin (s tubble and root r e m n a n t s 
of non-papi l ionaceous crops , straw, ma ize s ta lks , etc.) m a y cause a t e m p o r a r a shor tage 
of n i t rogen in t he soil (pentosane e f fec t ) . The high r a t io of С : N can only real ly be 
cor rec ted with su rp lus ni t rogen app l ica t ion , b u t the a m o u n t of ni trogen t o be used 
will on ly be s ignif icant if s t raw or ma ize s ta lk fer t i l izat ion is carried out , as shown by 
our o w n exper iments , where , a l though t h e resul ts were r a t h e r ambiguous , th i s m e t h o d 
improved the fer t i l i ty a n d s t ructure of t h e soil and m a d e it easier to cu l t iva te . 
Increasing t h e n u t r i e n t level of t h e soil by r ep len i shmen t fer t i l izat ion is a dif-
f e r en t m a t t e r . The h igh nut r ien t c o n t e n t of the soil is u n d o u b t e d l y one of t h e pre-
condi t ions for a t t a i n i n g high yields. R e c e n t experience indica tes t h a t in H u n g a r y the 
n u t r i e n t level of soils sub jec ted to in t ens ive fer t i l izat ion has been subs tan t ia l ly ra ised , 
wh ich m e a n s t h a t t h e a m o u n t of n u t r i e n t s applied by t he f a r m s has been cons iderab ly 
g rea te r t h a n t h a t e x t r a c t e d by the p l a n t s f r o m the soil. Of course, the ques t ion also has 
an economic side: owing to the price s u p p o r t g ran ted t o fertil izers, r ep len i shmen t 
fer t i l iza t ion may be economical for t h e f a r m , b u t is not necessarily so for t h e na t iona l 
e conomy . A fu r the r ob jec t ion to r ep l en i shmen t fer t i l izat ion is t he possibili ty of grea te r 
n u t r i e n t losses ( leaching, erosion, r é t r o g r a d a t i o n of p h o s p h o r u s compounds , incorpora-
t ion of potass ium ions in t he crystals of clay minerals , etc.) . All in all, in m y opinion 
no ob jec t ions can be m a d e to a ra t iona l ra is ing of t he n u t r i e n t level of soils, since th i s 
m a y also provide s a f e t y reserves for t h e coming years , b u t na tu ra l ly all t h e po in t s 
ra ised above mus t be t a k e n into cons idera t ion . 
PETRASOVITS, I . : I t is very d i f f i cu l t to answer t h i s quest ion in general , for any t ime a n d place 
One m u s t always t r y t o f ind the ecological a n d economic op t ima . 
In officielly a p p r o v e d food p r o d u c t i o n the upper l imi t of fer t i l izat ion, i.e. t h e 
ecological op t imum, is t h e amount of n u t r i e n t which is j u s t no t enough to r educe t he 
yield. Al te rna t ive ly , t h e ecological m a x i m u m m a y he t he po in t where an increase in t he 
a m o u n t of nu t r ien t s still results in an increased yield. On p ro f i t -mak ing f a r m s t h e l imit 
of n u t r i e n t ut i l izat ion is t he economic o p t i m u m (where a f u r t h e r nu t r i en t supp ly will 
not decrease p ro f i t ab i l i t y , nor impair t h e i n p u t - o u t p u t ra t io) . 
POZSÁR, В. : I n the German Democra t ic Repub l i c , unlike t he o the r socialist count r ies , t h e 
o p t i m u m level of n u t r i e n t s has been ensu red by a m e d i u m ra t e of fer t i l izat ion since t he 
midd le of the f i f t ies . I t can be regarded as a consequence of th is t h a t the G D R was t he 
f i r s t t o obta in record w h e a t yield averages in the sixties. 
SFMJÉN, I . : T h e soil should be supplied w i t h n u t r i e n t s in quan t i t i e s exceeding t h e requi re-
m e n t s of the p lan t s (ad libitum). P h o s p h o r u s and po t a s s ium should be used in large 
a m o u n t s , for several y e a r s in advance , p a r t l y because large doses can be re la t ive ly 
evenly d is t r ibuted w i t h t he present t echn ica l means , and pa r t l y because these two 
n u t r i e n t s t ake a long t ime to become ava i lab le to t h e p lan t s . This is w h y d iv ided 
app l ica t ion is uneconomica l in this case. 
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N i t r o g e n , on the o the r h a n d , which qu ick ly escapes or is washed off. m u s t be 
fed to t h e p l a n t in small doses. However , in t h e case of whea t excessive ni t rogen fer -
t i l izat ion m a y be dangerous as it causes lodging. Under d rough ty condit ions, on t h e 
other h a n d , i t mainly p r o m o t e s t he vege ta t ion . In maize, ni t rogen suppl ied in excess of 
need b r i n g s results . By increasing t he ass imila t ing surface it helps t he p l an t th rough t h e 
most severe droughts . 
Maize is the only p l a n t which to lera tes a lmos t any a m o u n t of n i t rogen and w h a t 
is more , m a k e s good use of i t . Fo r example : du r ing t he 1977 d r o u g h t 400 — 500 k g / h a 
ni t rogen r e su l t ed in 80 — 100 q /ha yield of maize , while wi th 200 kg /ha ni t rogen the s a m e 
var ie t ies g rown under t he same condit ions only gave a 50 q /ha yield. F r o m the surp lus 
a m o u n t of n i t rogen the maize p l a n t s were able t o t a k e u p the nu t r i en t s required for t h e 
larger y ie ld even under t h e ar id condit ions, a t a low level of soil mois ture . W i t h a 
sa t i s fac tory assimilat ing sur face a n d be t t e r vege t a t i on , the p roduc t iv i ty inherent in t h e 
var ie ty w a s more strongly man i fe s t ed . This reg ion generally has a low amoun t of pre-
c ip i ta t ion , so t he use of surp lus nu t r i en t s gives secur i ty . 
SHMILLIÁR, M.: I h a v e already expressed m y opinion on th i s subject , so I will only note here 
t h a t n u t r i e n t s should be suppl ied beyond t h e nu t r i en t r equ i r emen t s of the p l an t s . 
Great a t t e n t i o n should be pa id t o t he u n d i s t u r b e d life of the soil and t o the res tora t ion 
or m a i n t e n a n c e of a n u t r i e n t ba lance in t he soil, so as to p r even t t h e chemical a n d 
physical p roper t ies f rom de te r io ra t ing in good qua l i ty soils and to improve t h e m in 
poor soils. 
SzALAl, GY.: Crops should be fert i l ized according t o the i r nu t r ien t r equ i r emen t s ; fert i l izers 
mus t n o t be supplied b e y o n d th i s ex ten t , unless th i s is done for a def ini te purpose . 
This " d e f i n i t e pu rpose" m a y he t he e l iminat ion of t he pentosane ef fec t , or the filling u p 
of t he soil w i t h nu t r ien t s (in t he case of low n u t r i e n t levels), etc. I n a ra t ional sys t em 
of f a r m i n g th i s mus t also be considered, b u t , I r e p e a t , only to a cer ta in reasonable e x t e n t , 
and t a k i n g o ther c i rcumstances (mechanical s t r uc tu r e and organic m a t t e r content of 
the soil, t opograph ic condi t ions , etc.) into cons idera t ion . 
SZALAY, S.: T h e organic m a t t e r l e f t in t he soil w i t h t h e roo ts is welcome, because when it is 
humif ied i t improves the phys ica l s t ruc ture , w a t e r regime and ion exchanging proper t ies 
of t he soil, and m a y p r o m o t e t he mul t ip l i ca t ion of ni t r i fying bac te r i a and t h u s t h e 
f ixa t ion of e x t r a ni t rogen f r o m the air. 
SZENICZEY, Cs.: Apply ing fert i l izers in the fo rm of basic fer t i l izat ion is only prof i table , in m y 
opinion, if th i s is done j u s t suff ic ient ly to res to re t he fer t i l i ty of t he soil. Subsequen t 
nu t r i t ion should be carried o u t in accordance w i t h t he requ i rements of the p lant . I con-
sider t h e " s t o r a g e " of fert i l izers in the soil t o be incorrect pract ice . Under e x t r e m e 
climatic condi t ions this m a y cause serious p rob lems , not to m e n t i o n t he aspects of 
e n v i r o n m e n t a l pro tec t ion re fe r red t o above. 
TOMPA, GY.: T o d a y it is generally accepted t h a t if t h e r i gh t variet ies are used " p l a n t n u t r i t i o n " 
is one of t h e most i m p o r t a n t fac tors inf luencing t he yield. This is one of the reasons 
why it is v e r y i m p o r t a n t fo r t h e f a r m s to ensure a cont inuous nu t r i en t supply to t he soil. 
E x p e r t adv ice on how th i s should be done is given by t he agrochemical s ta t ions wh ich 
have been establ ished all over the count ry . 
I n de te rmin ing t he q u a n t i t a t i v e r e q u i r e m e n t s for the m a j o r componen t s ( N P K ) 
the fol lowing me thod , based on t he principle of replenishing t he soil, should, in m y 
opinion, b e employed. 
a) I n the f i rs t s tep, depend ing on t he resu l t s of nu t r ien t analyses , the soils should 
be rep len i shed with P 2 0 5 a n d K 2 0 to a level t h a t ensures the m a x i m u m yield, t a k i n g 
all t he o t h e r fac tors into considera t ion. 
b) If t h e amoun t of e i ther phosphorus or po tass ium conta ined in t he soil exceeds 
the des i red value, the level of t he componen t wh ich is present in a lower a m o u n t is 
ad ju s t ed according to the va lue of the o ther c o m p o n e n t , so t h a t t he o p t i m u m po tas s ium: 
p h o s p h o r u s ra t io is res tored . 
c ) I n the following yea r s t he a m o u n t of n u t r i e n t ex t rac ted by t he pre-crop m u s t 
be d e t e r m i n e d tak ing b o t h t h e ma in and b y - p r o d u c t s into considera t ion , and mus t he 
subsequen t ly replaced. 
d) I n de termining t h e ni t rogen r equ i r emen t the percentage of n i t rogen e x t r a c t e d 
by t he p l a n t is mult ipl ied b y t he expected yield . This rough va lue m u s t of course be 
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corrected, a n d t h e effect of t h e pre-crop, the N-supp ly ing capaci ty of t he soil, and t h e 
da te and a m o u n t of organic m a n u r e application m u s t be changed in a posi t ive or nega t ive 
direction as r equ i r ed . 
I a m sure t h a t if t he soil were proper ly replenished wi th nu t r i en t s , the y ie lds 
produced w o u l d be far more cons is ten t . 
TULCZ, I . : The m e t h o d of fert i l izat ion depends on t h e n u t r i e n t level of t h e soil. The soil m u s t 
be replenished t o a given level as soon as possible, a n d subsequent ly fert i l izer should b e 
supplied in excess of the n u t r i e n t demands of t h e p l an t s , since t he eff ic iency of fer t i l iza-
t ion is in f luenced by various f ac to r s . The ext ra dose of fertilizer w h i c h is required for t h e 
decomposi t ion of the root a n d s t a lk residues l e f t in t h e soil mus t def in i te ly be app l i ed . 
* 
PÁL, GY.: The size of the irrigation area in Hungary is 425 thousand hectares at present and 
is growing f rom year to year. On this area incorrect methods of irrigation may result in 
the fertilizers being washed out, while proper irrigation promotes better utilization. 
In your opinion is the extent to which fertilizers are washed out of our irrigated areas 
insignificant, is it compensated by better utilization, or is it too great to be balanced by 
better utilization? 
Ács, A.: The danger a n d extent of l each ing depend on severa l factors: t he m e t h o d of i r r iga t ion , 
the a m o u n t of i rr igat ion wa t e r , t h e physical p r o p e r t i e s of the soil, t h e level of the a r e a , 
the k ind a n d q u a n t i t y of fer t i l izer applied — t o m e n t i o n only the m o s t impor tan t ones . 
L e a c h i n g certainly causes damage which m u s t be p reven ted . Methods of i r r iga-
t ion should b e used where t h e only funct ion of t h e wa te r is to dissolve the nu t r i en t s in 
the fert i l izer a n d make t h e m available to t he p l a n t s , wi thout s e t t i ng the solut ion in 
mot ion. B o t h t h e amoun t a n d manne r of a p p l i c a t i o n of i r r iga t ion water should be 
controlled. D r i p p i n g irr igation t h r o u g h a p e r f o r a t e d hose laid on t h e g round , for e x a m p l e , 
seems to be a good method of irr igation. L e a c h i n g can thus be e i the r negligible, or 
balanced b y b e t t e r nut r ient ut i l izat ion, or of a dangerous e x t e n t , depending on t h e 
c i rcumstances . 
BARACS, J . : P rope r ly applied i r r igat ion is definitely a n indispensable f a c t o r for yield s t ab i l i ty . 
I t s a d a p t a t i o n t o different c rops na tura l ly r e q u i r e s very precise a d v a n c e calculat ions . 
In the r a t h e r d r y year of 1976, fo r example, t h e ave rage yield of p o t a t o e s on the 370 h a 
irr igated a rea of t he Szentlőrinc S t a t e Fa rm was 350 q/ha when 120 m m irrigation w a t e r 
was used, whi le t he " B é k e ő r e " Co-operative F a r m at Somberek, where all t he o t h e r 
technological requi rements were strictly obse rved , harvested on ly 200 q/ha p o t a t o e s 
wi thout i r r iga t ion . The d i f ference was thus 150 q / h a in favour of t h e irrigated c r o p , 
which m e a n t a b o u t 40,000 F t addi t ional income for the s ta te f a r m compared t o t h e 
co-operat ive f a r m . By a d a p t i n g t h e irr igation t o t h e soil and d i s t r ibu t ing a ca re fu l ly 
calculated a m o u n t of ferti l izer t h e yield averages c a n be considerably increased, t h o u g h 
there is a c o n s t a n t danger of leaching; this, h o w e v e r , can be lessened b y applying sub -
s tant ia l a m o u n t s of organic m a t t e r . 
ВЕКЕ, F. : The b e t t e r water u t i l iza t ion of irrigation s y s t e m s and the h igher p roduc t iv i ty of 
irr igation w a t e r depend on a harmonious n u t r i e n t supply. L n f o r t u n a t e l y , w a s t e f u l 
nu t r ien t u t i l i za t ion and the consequen t danger of envi ronmenta l po l lu t ion are encoun te r -
ed in m a n y places . I r r igat ion is inexpert ly m a n a g e d in most f a rms . 
ВЕКЕ, I . : As a r e s u l t of incompetence a considerable a m o u n t of fer t i l izers is leached on t h e 
irr igated a reas . I n H u n g a r y up - to -da t e sur face i r r igat ion sys tems only cover a smal l 
area, and o p t i m u m geographical conditions f r o m the point of v iew of irr igation a r e 
only found o n a l imited area . 
The technica l and h u m a n aspects of sp r ink le r and trickle i r r iga t ion have no t y e t 
been solved, a n d with extens ive crops the economic efficiency of t hese irrigation m e t h o d s 
m a y in f ac t b e disputed. 
W i t h ski l ful irrigation t h e ex ten t of l each ing is negligible, a n d t he conversion of 
fertilizers is b e t t e r . 
BuzÁs, I . : In H u n g a r y , within t h e f r amework of t h e f i r s t large-scale i r r iga t ion p r o g r a m m e 
af ter Wor ld W a r I I , areas w h i c h were almost t o t a l l y infertile were equ ipped wi th i r r iga-
t ion facil i t ies. 
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L a t e r , when des igning the i r r iga t ion sys tems of t h e Tisza I I barrage, q u i t e dif-
f e r en t aspec t s were t a k e n i n to considerat ion. I r r iga t ion p r o v e d t o be the most economica l 
wi th soils which were a l r eady the most f e r t i l e . Fu r the rmore , in Hungary it is p r imar i ly 
on a r e a s where the level of fa rming is so h i g h t h a t f u r the r increases in yield a r e main ly 
l imi ted b y the uneven d is t r ibu t ion of r a i n f a l l wi th t ime t h a t i t is wor th i n t r o d u c i n g 
i r r iga t ion . 
I n b o t h i r r igat ion development p r o g r a m m e s i r r iga t ion systems w e r e mos t ly 
e s tab l i shed on areas w i t h h e a v y soils w h e r e t h e loss due t o leaching is not s igni f icant . 
I r r iga t ion e x p e r i m e n t s were carr ied o u t for 8 years on m a n y different s i tes , and 
it was on ly in the case of man t l e sands t h a t ni trogen l each ing could not b e coun te r -
ba l anced b y a be t t e r convers ion ra te a n d more intensive ni t r i f icat ion. O n m e a d o w , 
al luvial meadow, solonetz meadow and l ime-covered lowland chernozem soils smaller 
a m o u n t s of ni trogen fer t i l izer were needed u n d e r i r r iga ted condit ions to s a t i s f y the 
n u t r i e n t d e m a n d of t h e s a m e crop. 
I h a v e no exper ience on the convers ion of phosphorus , potass ium, a n d of meso-
and microe lements . 
DEBKECZENI, В . : On the basis of resul t s ob ta ined in several years of exper iments on t h e inter-
act ion b e t w e e n i r r igat ion a n d fert i l izat ion, m y answer is t h a t w i t h adequa te i r r iga t ion 
t e c h n i q u e s and the correc t a m o u n t of w a t e r no leaching of nu t r i en t s (even of n i t rogen 
fer t i l izers) occurs. At t h e same t ime the convers ion of fer t i l izers , and thus t h e eff ic iency 
of fe r t i l i za t ion , increases, a n d the n u t r i e n t availabil i ty becomes more f a v o u r a b l e in 
i r r iga ted soils. All th i s r e su l t s in a lower speci f ic fertilizer r equ i r emen t for t h e p lanned 
crop c o m p a r e d to non- i r r iga ted plants, w h i c h again may cause a fu r ther r e l a t ive reduc-
t ion in t h e potent ia l l eaching of nut r ients . 
HARASZTI, E . : T h e leaching of n i t rogen fert i l izers (or nutr ients) as a consequence of incorrect 
i r r iga t ion is a source of considerable losses i n intensive f a r m i n g , part icularly w h e n there 
is a b u n d a n t rainfall soon a f t e r irr igation. A favourab le w a t e r regime in the soil, es tab-
lished b y irr igat ion if necessary , is, howeve r , a precondi t ion for successful fe r t i l i za t ion . 
The e f f ic iency of i r r iga t ion farming can t h u s be ensured b y a sensible compromise . 
HARMATI, I . : T h e conversion of ferti l izers and t h e nu t r i en t - supp ly ing capacity of t h e soil are 
cons iderab ly be t te r on i r r iga ted areas t h a n under dry condi t ions , according t o the 
resul t s of our exper iments . B y keeping t h e soil p e r m a n e n t l y a n d properly m o i s t more 
f a v o u r a b l e condit ions are provided for m a k i n g the na tu ra l n u t r i e n t content of t h e soil 
avai lable and for t he u p t a k e of the fe r t i l izers ploughed i n t o i t . According t o o u r in-
ves t iga t ions , the o p t i m u m nu t r i en t level is lower under i r r iga ted t han under d r y con-
di t ions, owing to the b e t t e r conversion r a t e . I n spite of t h e larger quant i t ies of N P K 
e x t r a c t e d b y higher yie lds , t h e soluble n u t r i e n t content of t h e soil did not d r o p com-
pared t o t h e uni r r iga ted f ie lds . This sugges ts a more in tens ive availabil i ty of n u t r i e n t s 
u n d e r i r r iga ted condi t ions. 
R e g u l a r nu t r i en t ana lyses on ca lca rous irr igated soils showed t h a t no v e r y great 
leaching of phosphorus occur red even w h e n r ice was grown; t h e movement of p o t a s s i u m 
was m o r e significant. T h e P K level of t h e soil rose year b y y e a r as a consequence of 
fe r t i l i za t ion . Ni t rogen, on t h e other h a n d , w a s not found to accumulate t o a n y con-
siderable e x t e n t even in long- te rm e x p e r i m e n t s , which p r o v e s t h e escape a n d f i x a t i o n 
of u n u s e d N H 3 and t h e leaching of N 0 3 . 
W h e n es t imat ing t h e leaching of m u t r i e n t s f rom the soil, t h e method of i r r iga t ion 
mus t also be t aken in to considerat ion. I n r ice product ion a la rger amount of N a n d К 
leaching c a n obviously be expected t h a n i n t h e case of i r r iga t ion by spr inkl ing, owing 
to t he g r e a t difference in t h e amoun t of i r r i ga t ion water used each year. W i t h sp r ink le r 
i r r iga t ion t h e annual a m o u n t of water is n o t more t h a n 120 —180 mm, wh ich c a n n o t 
cause v e r y m u c h leaching even in the case of ni t rogen. 
T o sum up , t he s u b s t a n t i a l leaching of nu t r i en t s need n o t be reckoned w i t h u n d e r 
i r r iga ted condit ions (pa r t i cu la r ly with sp r ink le r irrigation). 
HUSTI, M.: T h e r e is a close cor re la t ion between i r r iga t ion and t h e soil. Among the f a c t o r s of 
soil f o r m a t i o n i r r igat ion h a s a p rominen t role. Under t he inf luence of i r r i ga t ion the 
earlier w a t e r regime of t he soil undergoes a change , and as a consequence a n e w t y p e of 
soil f o r m a t i o n process begins . The earlier per iodici ty b e t w e e n aerobic and a n a e r o b i c 
condi t ions also changes. I n some soil t ypes t h i s m a y even h a v e a n adverse e f fec t o n the 
soil s t r u c t u r e . In such p laces the h a r m f u l ef fec t should be el iminated b y chemica l 
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ameliorat ion or b y the careful appl icat ion of f a r m y a r d manure . T h e irr igation and fe r -
ti l ization sy s t em of the f a r m should be developed t a k i n g these f ac to r s in to considerat ion. 
I do n o t th ink t h a t leaching will reach dangerous p ropor t ions if i rr igat ion is 
carried ou t o n t h e basis of soil analyses. 
If on a given area t he i r r igat ion and fer t i l i za t ion plans are co-ordinated, i r r iga-
tion will def in i te ly p romote t h e conversion of fer t i l izers . 
I t is in t h e in teres ts of t he nat ional e c o n o m y for the d i f f e r en t regions of t h e 
count ry to deve lop a t app rox ima te ly the same r a t e . I t is the re fore jus t i f ied to c r ea t e 
the possibil i ty of i rr igat ion on areas with poorer soils as well. 
K i s s , Á.: The ex t ens ion of the i r r iga t ion areas is a wor ld phenomenon , a n d one of the bases of 
surplus p r o d u c t i o n . Wrong m e t h o d s of i r r igat ion, however , m a y resu l t in a considerable 
ex ten t of n u t r i e n t leaching. I n th i s field i r r igat ion exper t s possess rel iable exper imenta l 
da ta , so the i r advice should be followed by t h o s e car ry ing out i r r iga t ion in prac t ice , if 
only to i m p r o v e t he convers ion of fertilizers a n d reduce the e x t e n t of leaching t o a 
min imum. 
KOLTAY, Á.: Regu la r i r r igat ion p u t s a s t ra in on the s t r u c t u r e of the soil, a n d badly execu t ed 
irrigation m a y cause the leaching of nut r ien ts . P r o v i d e d proper i r r iga t ion techniques a re 
strictly obse rved , however , t hese d isadvantages c a n be reduced t o a min imum. 
By 1970 i rr igat ion was carr ied out by spr ink l ing on more t h a n 70% of the i r r iga-
t ion area in H u n g a r y . W h e n th i s technique is car r ied out p roper ly i t reduces t he dis-
advan tages men t ioned above t o an acceptable level . Under t he c l imat ic condit ions of 
Hunga ry , wh ich t end t o be r a t h e r capricious, i t is increasingly i m p o r t a n t to m a k e u p 
for the insuf f ic ien t a m o u n t of precipi ta t ion a n d for the uneven d is t r ibut ion in t i m e . 
I feel t h a t if t h e p roduc t ion f ac to r s are proper ly co-ordinated t h e leaching of n u t r i e n t s 
on i r r igat ion areas could be p reven ted . 
LŐRINCZ, J . : The i r r iga ted area is, un fo r tuna t e ly , smal l , so it is not of m u c h impor t ance in 
de termining t he na t ional yield averages. W i t h i n t he fa rm, however , it presents t h e 
possibility of a t t a in ing very large yields and th i s m u s t be exploi ted. If the yield is l a rger , 
then the ac t ive subs tance appl ied has certainly b e e n util ized. The organic m a t t e r s u p p l y 
of i r r igated a reas is very i m p o r t a n t , since f i x a t i o n to the organic m a t t e r reduces t h e 
extent of l eaching as well. I r r iga t ion is only one f a c t o r ; the y ie ld-forming fac tors m u s t 
be considered toge ther . I n m y opinion with a p p r o p r i a t e cul tura l p rac t ices and va r i e t i e s 
the ex ten t of leaching is not l ikely to be dangerous . I t h ink t h a t t h e ex ten t of u t i l i za t ion 
is greater t h a n t he damage caused by possible leaching . Great a t t e n t i o n must , h o w e v e r , 
be paid t o t h e danger of secondary alkal izat ion. 
MIHÁLYFALVY, I . : I n i rr igat ion t r ia l s on field crops g rown on m e a d o w a n d chernozem soils 
leaching w a s ha rd ly observed , if a t all, t h o u g h it should be no t ed tha t the a m o u n t of 
water prescr ibed for one occasion was only e n o u g h to wet a 30 c m lay зг of soil. W i t h 
a water n o r m of about 100 m m , which is capab le of wet t ing a deeper layer of soil, t h e 
fertil izers m i g h t he washed o u t even in these soils, especially if t he soil is c racked a t 
the t ime of i r r igat ion. According to the l i t e ra ry d a t a , in sandy soils an unsui table i r r iga -
t ion no rm of 60 m m causes n u t r i e n t leaching. 
NYÉKI, J . : The ex tens ion of t he i r r iga ted areas is A h igh ly efficient w a y of increasing y ie lds . 
However , i t s economic resu l t s can only he e n j o y e d if care is t a k e n t o apply t he p l a n t 
nu t r i en t s in o p t i m u m vo lumes and rat ios, a n d , in cont ras t t o p resen t practice, g r o w 
high yielding var ie t ies even u n d e r irr igated condi t ions . The n u t r i e n t supply of i r r i ga t ed 
fa rms can on ly be successfully controlled by m e a n s of careful agrochemical analyses , as 
can the a m o u n t of i r r igat ion w a t e r applied. 
If all t h e above f ac to r s are duly co-ord ina ted , and nu t r i en t appl icat ion is a d j u s t e d 
to the larger yields expec ted , leaching need n o t be reckoned wi th , since under o p t i m u m 
water a n d n u t r i e n t condi t ions t h e plants t a k e u p t h e nu t r i en t s v e r y quickly. 
PAIS, I.: In m y opinion, on proper ly irr igated areas t h e leaching of fert i l izers is negl igible . 
In fac t i r r iga t ion , pa r t i cu la r ly sprinkler i r r iga t ion , should be carr ied out in such a w a y 
as to ensure a t the same t i m e t h e rep lacement of wa te r soluble nu t r i en t s . 
PECZNIK, J . ; The in te rac t ion b e t w e e n irr igation and fer t i l iza t ion is a r a t h e r complex ques t i on . 
The physiological processes t h a t determine t h e q u a n t i t y and qua l i t y of yield ( p h o t o -
synthesis , respi ra t ion , t r ansp i r a t i on , mineral nutr i t ion« in t e rmed ia ry metabol i sm) also 
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d e p e n d on the water a n d nu t r i en t supply of t h e plauts t which again are not i ndependen t 
of each o ther . I t has a l ready been m e n t i o n e d t h a t if the nu t r i en t supply is f avou rab l e 
t h e t r ansp i ra t ion coefficient of the p l a n t is lower t han when it is def icient ly supplied 
w i t h nu t r i en t s . I t is also evident , t h a t t h e nut r ients f r o m ferti l izers and t h e soil are 
m a d e b e t t e r use of when t he water c o n t e n t of the soil is o p t i m u m t h a n u n d e r too dry 
or too mois t condit ions. The o p t i m u m fer t i l izer requi rement of irrigated p l a n t s depends 
on t h e nu t r i t ion character is t ics of the c u l t i v a t e d plant , t he fe r t i l i ty of the soil, a n d the 
p r o b a b l e effect and in te rac t ion of i r r iga t ion and fert i l ization. The active agen t requi red 
for t h e yield surplus envisaged in the case of irrigation is not always p ropo r t i ona t e to 
t h e r e l a t ive effect of i r r igat ion; in f ac t it is usually lower t h a n this, since i r r igat ion 
increases the effect iveness of fer t i l izat ion a n d mobilizes t he soluble nu t r ien t c o n t e n t of 
t he soil. On irrigated areas , especially w h e n irr igation is no t carr ied out wi th d u e com-
pe tence , the danger of fert i l izer active a g e n t s being leached ou t will u n d o u b t e d l y be 
g rea te r . This applied pr imar i ly to n i t rogen : in the g roundwate r s of i r r igated areas a 
cons iderab le increase in t he n i t ra te ion concen t ra t ion has been demons t r a t ed in some 
cases. T h e extent of leaching na tura l ly d e p e n d s on the mechanica l and chemica l com-
pos i t ion and the chemical reaction of t h e soil, on the posi t ion of the soil l ayers , the 
degree of slope, the d e p t h of the g roundwa te r , the amount of ferti l izer used, t h e wea ther , 
t h e r a t e of irrigation, etc . When e l abo ra t i ng techniques for i rr igated crop p roduc t ion 
all t hese factors , plus t h e need for e n v i r o n m e n t a l protect ion, m u s t be t a k e n i n to con-
s ide ra t ion , so as to p r even t , or at least t o r e d u c e to a min imum, t he leaching of nu t r i en t s . 
L o w - a c t i o n N-fertil izers could probably be used successfully in i rr igat ion f a rming . 
PETRASOVITS, I . : If irrigation f a r m i n g is to show a s teady profi t in tensive fer t i l izat ion m u s t be 
co -o rd ina ted with the wa t e r supply. 
If irr igation is p roper ly applied fer t i l izer ut i l izat ion is generally be t t e r , if for no 
o the r r ea son t h a n the con t inuous and f a v o u r a b l e availabil i ty of t h e nut r i t ive subs tances . 
If t h e q u a l i t y of i r r igat ion is bad , i.e. t h e a m o u n t s of water used are larger t h a n necessary, 
t h e i n t e n s i t y is higher t h a n desirable or t h e dis t r ibut ion of t he irr igat ion w a t e r is 
u n e v e n , th is has an u n f a v o u r a b l e effect on fert i l izer conversion. 
T h e ha rmfu l consequences m a y be t h e leaching or wash ing away of micro- and 
m a c r o n u t r i e n t s . Leaching, however, only occurs to a greater e x t e n t on s loping areas, 
and w h e n irrigation is followed by a la rge a m o u n t (20— 30 m m ) or high i n t ens i t y (40 
m m / h o u r ) of na tura l p rec ip i t a t io r . In genera l , propeily appl ied irrigation does not , in 
m y op in ion , result in s ignif icant leaching. 
PLETSER, J . : I n H u n g a r y in mos t cases and on an overwhelming pa r t of the coun t ry ' s t e r r i t o ry 
t he s h o r t a g e of water l imits t he yields in agr icu l tura l p roduc t ion , and consequen t ly the 
e f f ic iency of fertilizers. On irrigated a reas larger amoun t s of fertilizers can be used. 
T h e amoun t of i r r igat ion water is de t e rmined by t he wa t e r consumpt ion of t he 
crop, w h i c h depends to a large ex ten t on t h e weather . I t is a mis take to t h i n k t h a t 
more i r r iga t ion always m e a n s more yield. Excess ive irr igation has of ten caused a yield 
depress ion compared to t h e non-irr igated a reas . In such cases t he losses are m a d e even 
more ser ious by the cost of irr igation a n d t h e leaching of nu t r i en t s , which t h u s pol lute 
the e n v i r o n m e n t . 
T h e Agrometeorological D e p a r t m e n t of the Central I n s t i t u t e for A tmosphe r i c 
Phys ics has been giving advice on i r r iga t ion to the T r a n s d a n u b i a n Regional W a t e r 
C o m p a n y for the last six years . Apar t f r o m regular meteorological and soil mo i s tu re 
su rveys t h e évapo t ransp i ra t ion of i r r iga ted crops is measured and phenological ob-
se rva t ions are carried out . The work of t h e advisory service is based on the a c t u a l wa te r 
c o n s u m p t i o n of the p l an t s a n d the changes in t he water con ten t of the soils. T h e u p p e r 
layer of t h e soil, to a d e p t h of 1 met re , is i r r igated to 70 — 8 0 % of its wa te r c apac i t y , 
so t h a t even heavy ra infa l l cannot cause leaching. On areas i r r igated by t h e Trans -
d a n u b i a n Regional W a t e r Company the w a t e r capaci ty of t h e upper one-met re layer 
of t h e soil is 300 - 4 0 0 m m . Thus , at 8 0 % s a t u r a t i o n the soil is able to absorb a f u r t h e r 
60 — 80 m m ra inwater a n d re ta in it aga ins t t he gravi ta t ional force. Rainfa l ls heavier 
t h a n t h a t very seldom occur , and even t h e n the water can be s tored in the lower layer . 
U p to a d e p t h of 2 m t h e sa tu ra t ion of t h e soil is about 6 0 % . 
I t is clear f rom t h e above t h a t w i t h ski lful irrigation checked by m e a s u r e m e n t s 
no l each ing of nu t r ien t s will occur. 
PozsÁR, В. : Tr ickle irrigation gives the best r e su l t s , and the e x t e n t of leaching is also the 
lowest w i t h this me thod of i rr igat ion. Any subs tan t i a l increase in the yield averages of 
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fodder crops compared to t h e r a t e of yield increase in wheat a n d maize can only h e 
expected f r o m irrigation. 
• ; .. -
SHMILLIÁR, M.: I t h i n k the first p a r t of t h e question inc ludes the answer; t h e fa rms mus t l ea rn 
how to use t h e irr igat ion wa te r p roper ly . Unski l led irrigation will w a s h out the n u t r i e n t s 
a n d will no t increase the y ie ld . 
SZÉKESSY-HERMANN, V, —FAZEKAS, S. : The reduct ion of the damage c a u s e d by i rr igat ion is 
connected in m a n y respects w i t h t he question of damge occurr ing as a consequence of 
water erosion, so i t would be w o r t h considering t h e idea of combin ing artificial fer t i l iza-
t ion wi th t he appl icat ion of o rgan ic manure . Also, in connection w i t h problems invo lved 
wi th b o t h erosion and i r r iga t ion i t seems to be w o r t h taking a n o t h e r factor in to con-
siderat ion. As damage due t o v a r i o u s degrees of slope is likely to o c c u r on a considerable 
por t ion of t h e areas sui table fo r agricvdtural cul t iva t ion in H u n g a r y , increased ca re 
should be t a k e n in de te rmin ing plot sizes. W o u l d it not he u s e f u l , depending o n t h e 
surface condi t ions of the soil, t o b reak up t h e g i an t plots wi th b e l t s of protect ive, soil-
f ix ing vege ta t ion and at the s a m e t ime to give v e r y careful cons ide ra t ion to the ecological 
character is t ics of the crop t o b e grown t h e r e ? These protect ive b e l t s would obvious ly 
mean t h a t a cer ta in a m o u n t of surplus energy would be r equ i red for mechanized soil 
cul t ivat ion, b u t this would ce r t a in ly be repaid b y t he reduction in t h e losses m e n t i o n e d 
above. F ina l ly , I should l ike t o add to the a rgumen t s a d v a n c e d in support of t h e 
es tab l i shment of protective b e l t s t he probable beneficial effect t h i s would have on t h e 
regula t ion of t h e groundwater level , and the i m p o r t a n c e of such b e l t s in providing a m o r e 
favourab le biosphere for our v a l u a b l e small g a m e stock. 
TULCZ, I . : Special a t t e n t i o n should be pa id to the app l i ca t ion of f a r m y a r d m a n u r e and a r t i f i c ia l 
fertilizer on i r r igated areas. W h e n it is p roper ly carried out i r r i ga t i on does no t cause 
sufficient leaching to affect i t s p rof i tab i l i ty . Never theless , on i r r i ga t ed areas the n u t r i e n t 
level of t he soil should be fo l lowed with a t t e n t i o n by means of r e p e a t e d soil ana lyses . 
PÁL GY.: The quality of sugar-beet is determined by the percentage sugar content and by the 
possible presence of substances which make the extraction of sugar difficult. Nitrogen 
fertilization has an adverse ef fect on both properties, however, i t increases the yield to 
such an extent that sugar-beet cannot be economically grown without nitrogen fertiliza-
tion. Do you think it is permissible, in the case of any crop, for the quality of the crop 
to become lower and thus for the production cost of the product m a d e from it to become 
higher for the sake of the larger yields obtained by fertilization? 
Acs , A.: The re la t ion between yield increase and q u a l i t y deter iorat ion is decisive both in suga r -
beet and in o the r crops. I f , f o r example, t he v o l u m e of the c rop increases by 3 0 % a n d 
t he sugar c o n t e n t is reduced b y 2 % (which is a considerable dec rease ) as a response t o 
intensive n i t rogen fer t i l izat ion, t h e n fer t i l izat ion is economically j u s t i f i e d f rom t h e p o i n t 
of view of b o t h the na t ional economy and t h e f a r m . But it is n o t economical fo r t h e 
sugar f a c t o r y (more water h a s t o be t r anspor t ed , a larger mass h a s t o be processed, m o r e 
energy is r equ i red per 1 kg suga r , etc.). F r o m the point of v i e w of the sugar f a c t o r y 
th is is a p rob l em even if t he suga r content is t h e basis of a c c e p t a n c e , unless a ccep t ance 
on the basis of sugar content is carr ied out degressively. In this case t h e reduced de l ive ry 
price m a y compensa te for t h e loss. This is, in any case, a m a t t e r of calculat ion a n d 
analysis as t o where the n a t i o n a l economy o p t i m u m lies. A c c e p t a n c e by sugar per -
centage also makes the p r o d u c i n g farms cons ider the amoun t of ni t rogen fer t i l izer t o 
be applied. 
BARACS, J . : N i t rogen ferti l ization u n d o u b t e d l y has a g rea t effect on t h e y ie ld of sugar -bee t , so 
m u c h so t h a t sugar-beet c a n n o t be economically produced w i t h o u t i t . Never theless , i t 
is not r igh t , in m y opinion, t o app ly un reasonab ly large a m o u n t s of N-fertilizer s i m p l y 
in order t o increase the yie ld , especially now t h a t the delivery p r i c e s of sugar-beet h a v e 
been a d j u s t e d t o the sugar percentage . Fo r example , s ta r t ing t h i s year the de l ive ry 
price for bee t wi th a 13% s u g a r content is 67.6 F t /q , while fo r sugar-beet c o n t a i n i n g 
17% sugar i t is 88.4 F t /q . If 350 q/ha sugar-beet is obtained u s i n g a n op t imum a m o u n t 
of fertilizer t h e sales r e t u rn s m a y be as m u c h as 30,940 F t / h a , wh i l e a sugar-beet y ie ld 
of 450 q /ha a t t a ined with a n overappl ica t ion of nitrogen m a y o n l y pay 30,420 F t / h a . 
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In add i t i on there will n a t u r a l l y be t he t r a n s p o r t a t i o n cos t s fo r an extra 100 wagons, 
so t h e cost of the s u r p l u s nitrogen fer t i l izer will ce r ta in ly n o t be r e f u n d e d ; on the 
c o n t r a r y , the p ro f i t ab i l i t y of the sugar-bee t will be lower compared to t he 350 q/ha 
yield average. If t he q u e s t i o n is considered f r o m the point of v iew of the sugar fac tory , 
1 q less sugar will be o b t a i n e d f rom t h e l a rge r volume of b e e t . 
BAUER, F . : I t h i n k it permiss ib le , in general, fo r t h e larger c rops o b t a i n e d as a r e su l t of fer-
t i l iza t ion t o involve a c e r t a i n degree of q u a l i t y de te r io ra t ion and a rise in t h e pr ime 
costs of t h e p roduc t s p r o d u c e d f rom t h e m . However , t h e e x t e n t of this c a n only be 
de t e rmined by economic calculations a t na t iona l economy level , lest we lose on the 
swings w h a t has been g a i n e d on the r o u n d a b o u t s . 
ВЕКЕ, F. : The adverse effect of n i t rogen fer t i l izat ion on the qua l i t y of yield can be k e p t wi th in 
limits. T h e presence of f r e e n i t ra te and n i t r i t e ions above a c e r t a i n level in p l an t p roduc t s 
is u n d o u b t e d l y more t h a n d isadvantageous , i t is dangerous ( in feeding, for example) . 
N i t rogen fertilizer is o n l y one of the yield-increasing f a c t o r s in sugar-beet p roduc t ion . 
The large yield losses a re caused by o ther f a u l t s in the p r o d u c t i o n technology, a n d the 
large doses of n i t rogen a r e mostly appl ied t o conceal t h e m . There are l imi t s t o how 
m u c h n i t rogen can be supp l ied . 
BuzÁs, I . : Befo re answering t h i s quest ion I should like to clarify a f e w points. 
Sugar-beet a lways conta ins subs tances which h inder t h e extract ion a n d par t icu l -
arly t h e crystal l izat ion of sugar, which is t h e most i m p o r t a n t phase of t h e process. 
Some of t h e sugar is n o t crystal l ized, t he re fo re , and passes i n t o the molasses. Ni t rogen 
c o m p o u n d s are pe rhaps t h e mos t dangerous of these s u b s t a n c e s , and therefore t h e best 
k n o w n ones. At the s a m e t ime, sugar syn thes i s cannot t a k e place wi thout n i t rogen-
con ta in ing protein. 
I t is also ex t remely i m p o r t a n t to emphas i ze t h a t t h e r e is no contradict ion be tween 
large yield and good q u a l i t y . As proved b y t h e nat ional s t a t i s t i ca l da ta a n d b y the 
resul ts of exact e x p e r i m e n t s , the q u a n t i t y a n d quali ty of y ie ld does not necessari ly 
show a nega t ive cor re la t ion in the case of sugar-bee t e i ther . 
Th i rd ly , and th i s fol lows from the above , it cannot be r ega rded as a genera l rule 
t h a t n i t rogen fertilizer m u s t always be supp l i ed directly u n d e r t h e sugar-beet. T h e soil 
mus t con t a in suff ic ient n i t rogen to sa t i s fy t h e nitrogen d e m a n d of sugar-beet a t an 
a d e q u a t e quan t i t a t i ve a n d qual i ta t ive level of yield. If t h e soil in question is able to 
supply th i s amoun t of n i t rogen , then n i t r o g e n fert i l izat ion is n o t needed. I n t h i s case 
there is no sense in s u p p l y i n g the sugar-bee t in advance w i t h t h e amount of n i t rogen 
expected t o be t aken u p b y the crop, w h e n th is a m o u n t m a y produce an excess of 
n i t rogen which will n o t increase the yield b u t will cause a deter iorat ion in qua l i t y . 
T h u s , i t mus t be m a d e clear wha t is t o be unders tood b y "large yield a n d good 
q u a l i t y " , w h a t the n i t r o g e n demand of th i s is, how the n i t rogen-supply ing c a p a c i t y of 
the soil c a n be cha rac te r i zed , and finally, w h e n the n i t rogen d e m a n d and t he n i t rogen-
supp ly ing capaci ty of t h e soil are known, h o w t h e required a m o u n t of ni trogen fert i l izer 
can be ca lcua ted . 
As I have a l r eady sa id , in the p r e s e n t economic s i t u a t i o n of Hunga ry i t is the 
m a x i m u m useful ( ex t r ac t ab l e ) sugar yield pe r h a tha t should b e aimed at. Accordingly , 
if we wish t o increase t h e ex t rac tab le sugar y ie ld per ha b y m e a n s of ni trogen fer t i l iza-
t ion, t h a t is, in a way w h i c h , unlike o ther m e t h o d s (e.g. i r r iga t ion) , increases t h e root 
yield a t t h e expense of a r educ t ion in t h e ex t rac tab le suga r con ten t of t he b e e t , the 
qua l i ty of t h e sugar-beet c a n only be cons idered sa t is fac tory as long as the increase in 
root yield is able to c o m p e n s a t e for the de te r io ra t ion in q u a l i t y . Th i s is equiva lent t o the 
m a x i m u m ext rac tab le s u g a r product ion pe r h a . 
T h e nitrogen d e m a n d of the root y ie ld associated w i t h t h e max imum e x t r a c t a b l e 
sugar y ie ld has been expe r imen ta l ly d e t e r m i n e d , and the n i t rogen-supply ing capac i ty 
of t he soil can be cha rac te r i zed by measur ing t h e ni t ra te c o n t e n t . If these two d a t a are 
known t h e ni trogen fe r t i l i ze r requi rement c a n be calculated, w h i c h in the case of a high 
ni t rogen level in the soil m a y in fact be zero. 
M a n y fa rm d a t a p r o v e t h a t on such soils 130 — 150 k g / h a nitrogen, a r a t e of 
fer t i l iza t ion r ecommended b y m a n y specialists, does not i nc rease t he root yield, b u t on 
the c o n t r a r y m a y even c a u s e a yield reduc t ion . 
T h u s in some cases a cer ta in degree of qua l i t y de t e r i o r a t i on parallel to an increase 
in t he a m o u n t of yield m a y be permissible, b u t th is is not a gene ra l rule. In accordance 
wi th t he detai ls given a b o v e , an analysis of t h e actual n a t i o n a l economic s i t u a t i o n will 
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decide whe the r w i t h t h e given crop a large yield, good qual i ty or (as in the case of 
sugar-beet) t h e m a x i m u m of some other pa r ame te r inf luenced b y b o t h t he quan t i ty a n d 
qua l i ty of t he yie ld , should he t h e p r imary aim. 
DEBRECZENI, В. : M a x i m u m yield does n o t always m e a n t h e best qua l i ty . Moreover, it o f t e n 
h a p p e n s t h a t t h e qua l i t a t ive cha rac te r s of a large yield are u n f a v o u r a b l e . Badly p e r -
f o r m e d fer t i l iza t ion m a y , among o ther things, be responsible for th i s . F r o m the p o i n t of 
v iew of p l a n t n u t r i t i o n ano the r i m p o r t a n t q u e s t i o n is how a n d t o wha t ex ten t t h e 
fo rma t ion of t h e indiv idual organic components of t h e p lant c a n be influenced b y a 
well-designed n u t r i e n t supply . T h e quan t i t a t i ve r e q u i r e m e n t s w i t h respec t to the m a j o r 
compounds m a y de te rmine t h e cu l tu ra l pract ices a n d the m e t h o d , da te and r a t e of 
fer t i l izat ion. 
I n mos t fer t i l iza t ion expe r imen t s today n o t o n l y the q u a n t i t y b u t also the q u a l i t y 
of t h e crop is e x a m i n e d all over t h e world. Fer t i l i ze rs may a f fec t t h e chemical c o m -
posi t ion of t h e p l a n t s in var ious ways . We k n o w f r o m numerous p l a n t analyses t h a t , 
especially w i t h h igh ra tes of fer t i l iza t ion, not on ly does the q u a n t i t y of ions f o u n d i n 
t he ferti l izer increase in t he p l a n t , b u t the r a t i o of o ther inorganic ions and o rgan i c 
c o m p o u n d s also changes 
Many workers have observed t h a t in genera l t h e usual r a t e of fert i l ization d o e s 
not subs tan t ia l ly inf luence t he chemical compos i t ion of the p l a n t . This requires a n 
a m o u n t of fer t i l izer larger t h a n t h a t current ly u s e d in practice. Nevertheless , q u i t e a 
number of l i t e r a ry references suggest t h a t f e r t i l i za t ion changes t h e direction a n d in-
tens i ty of pho tosyn thes i s and metabo l i sm in t he p l a n t , whereby t h e concent ra t ion of t h e 
mos t i m p o r t a n t organic c o m p o u n d s (proteins, c a r b o h y d r a t e s , f a t s ) a n d even tha t of t h e 
non-prote in n i t rogen compounds , v i tamins , e tc . also changes. Of t h e inorganic i o n s 
n i t r i t e and n i t r a t e m a y accumula t e in the cells. 
The sugar fac tor ies need sugar-beet crops w i t h high and read i ly ext ractable s u g a r 
contents . T h e q u a l i t y is de t e rmined b y the saccharose content (digest ion or po la r iza -
t ion % ) , t he i nve r t sugar ( m i x t u r e of glucose a n d f ruc tose) , t he " h a r m f u l n i t rogen" or 
" b l u e n u m b e r " (which inhibi ts t h e crystal l izat ion of sugar) and t h e cond. ash c o n t e n t . 
I n exper imen t s carr ied out a t Gödöllő between 1974 and 1977 N P K doses larger t h a n 
150 kg /ha were f o u n d to g radua l ly reduce the s u g a r con ten t of t h e b e e t and to inc rease 
t he a m o u n t s of h a r m f u l organic a n d inorganic c o m p o u n d s ; t h a t is, t h e quali ty of t h e 
sugar-beet de te r io ra t ed . According to experience gained in H u n g a r y and abroad i t is 
pr imar i ly n i t rogen fer t i l izat ion t h a t reduces t h e sugar content a n d t h e ext rac t ion p e r -
centage. 
I t is a good move to m a k e t h e delivery pr ice of sugar-beet d e p e n d e n t on the s u g a r 
con ten t , as t h i s m a y ensure t h e necessary h a r m o n y be tween yield increase, f e r t i l i za t ion , 
p roduc t ion cos ts a n d qual i ty . 
GYŐRI, D. : Qual i ty m u s t not be allowed to deter iora te fo r t he sake of l a rger yields. The c o n -
di t ions u n d e r wh ich th is de te r io ra t ion can he r e d u c e d should be s tud ied , and m e t h o d s 
to p reven t i t m u s t be e labora ted . I n my exper ience microe lements also play a ro l e in 
th is . In shor t , ha rmon ious mine ra l nut r i t ion shou ld be made s t a n d a r d and cond i t i ons 
unde r which t h e increasing yield does not invo lve a de ter iora t ion in quali ty m u s t be 
ensured . 
HARASZTI, E . : I t is a wel l -known fac t t h a t a l though n i t r o g e n fer t i l izat ion increases the q u a n t i t y 
of yield, i t ha s an un favourab l e ef fec t on the q u a l i t y of sugar-beet a n d on the e x t r a c t -
abil i ty of sugar . I n spite of th i s t h e nitrogen fe r t i l i za t ion of sugar -bee t is necessary e v e n 
if th is raises t h e p roduc t ion costs . The larger v o l u m e of food a n d feed t h a t c a n b e 
a t t a ined per u n i t area by n i t rogen fer t i l izat ion is needed t o sa t i s fy the inc reas ing 
requ i rements of t h e world popu la t ion . By m e a n s of complex fe r t i l i za t ion and by w o r k -
ing out how to use mic ronu t r i en t s correctly it is h o p e d t h a t t he de te r io ra t ion of q u a l i t y 
can be reduced t o a min imum. 
HARMATI, I . : According t o the resul ts ob ta ined so fa r , w h e n fer t i l izat ion is properly carr ied o u t 
it improves t h e qua l i t y of t h e crop in addi t ion t o increasing t h e y ie ld . This resu l t w a s 
found for cereals, maize, a l fa l fa and grasses. S u g a r - b e e t is an excep t ion in this r e s p e c t . 
A de te r io ra t ion in t h e qua l i ty of yield wasonly c a u s e d b y excessive fer t i l izat ion, espec ia l ly 
b y an over-appl ica t ion of n i t rogen . 
Kiss , A. S.: A high r a t e of n i t rogen fer t i l izat ion, p a r t i c u l a r l y if it is one-sided, of ten h a s a n 
adverse ef fec t on qua l i ty ; however , this effect c a n be reduced, or even e l iminated b y 
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the s imul taneous app l i ca t ion of o ther n u t r i t i v e e lements , as we found w h e n adding 
m a g n e s i u m as a s u p p l e m e n t in n i t rogen fer t i l izat ion. E v e n if the qual i ty of t h e crop is 
poo re r , fo r example, b e c a u s e of the r e d u c e d sugar con ten t , t h e sugar o u t p u t per ha will 
still be higher due to t h e larger to ta l y i e ld . This seems t o m e to be permiss ib le in spite 
of t h e somewhat h igher product ion cos t s , as it con t r ibu tes to a be t t e r f o o d supply 
( larger vo lume of end-p roduc t ) . 
Kiss , Â.: U n t i l quali ty is r e f l e c t ed in the de l i ve ry price, p roduce r s will concen t r a t e on high 
p r o d u c t i v i t y , which is a t t a i ned by excess ive nitrogen fer t i l iza t ion. Correc t views on 
f e r t i l i za t ion can only b e developed b y co-ordinated p r o d u c t i o n m a n a g e m e n t and a 
reconci l ia t ion of the i n t e r e s t s of p roduce r s a n d users. 
KOVÁTS, A. : Besides an increase in the q u a n t i t y of yield emphas i s should also be la id on the 
q u a l i t y . This applies n o t only to sugar -bee t b u t to o ther c rops too. The q u a l i t y should 
be con t ro l l ed by the de l ive ry price of t h e p roduce , which shou ld be designed t o encourage 
e f fo r t s t o improve t h e qua l i ty . I t is in t h e interests of t h e f a r m to o b t a i n t h e highest 
income per uni t area. T h i s is influenced n o t only by the size of the yield b u t also by a 
price po l icy which r e m u n e r a t e s qual i ty . A compromise m u s t be made b e t w e e n t he two. 
At a l ow ievel of p r o d u c t i o n concessions should be m a d e in favour of t h e quan t i t y . 
If t h e level of p roduc t ion is high enough, t h e n the quest ion of qual i ty comes i n to prom-
inence. 
LÁNG, G.: I t is an old p rob lem in sugar-beet p r o d u c t i o n to decide w h a t concessions can be 
m a d e w i t h respect to t h e sugar c o n c e n t r a t i o n of the beet in order to increase the yield 
of s u g a r per uni t a rea . Considering t h e a v e r a g e t r a n s p o r t a t i o n distance f r o m field to 
f a c t o r y , a n d the present cos ts of sugar p r o d u c t i o n a decrease of concen t ra t ion of up to 
15 — 1 6 % does not cause a n y considerable p rob lem. 
LŐRINCZ, J . : T h i s problem m u s t be settled on a nat ion-wide basis . As long as c rops are paid 
for b y q u a n t i t y , qual i ty will be pushed i n t o t h e background . If the amoun t of fert i l izers 
appl ied is t o be reduced, n e w varieties will b e required, o therwise the index of economic 
e f f ic iency will only be accep tab le with l a r g e r yields. An ob jec t ive method of acceptance 
on t h e bas is of qual i ty w o u l d have a g r e a t regulatory role. B u t this m u s t be manifes t 
in t h e pr ices as well (for sugar-beet , w h e a t , maize , alfalfa, e tc . ) . A decision in t h i s ma t t e r 
can o n l y be made t a k i n g t h e interests of t h e farms and i n d u s t r y into considera t ion. 
MIHÁLYFALVY, I . : Our expe r imen t s and inves t iga t ions revealed t h a t a b u n d a n t n i t r ogen applied 
to s u g a r - b e e t caused a s ignif icant increase in root yield a n d in the h a r m f u l nitrogen 
c o n t e n t of the beet i tself . The a b u n d a n t ni t rogen fer t i l iza t ion decreased t h e sugar 
e x t r a c t i o n more t han it increased the y i e l d . By applying a correct N P K r a t i o (1.0 : 
0.8 : 1.0) t h e harmful e f f ec t of nitrogen c a n be eliminated. 
According to r e c e n t examina t ions performed in app le p lan ta t ions t h e over-
a p p l i c a t i o n of potass ium reduced the s t o r a b i l i t y of the f r u i t , as potass ium antagonizes 
the incorpora t ion of ca l c ium, an element indispensable for f i r m tissue t e x t u r e . 
MOLNÁR, J . : U n d e r the inf luence of intensive cu l t iva t ion the y ie ld averages h a v e greatly 
inc reased , which canno t be said of the v a l u e of the componen t s . In my op in ion this is 
a neces sa ry concomitant of intensif icat ion w h i c h can only be lessened bu t n o t e l iminated 
even w i t h the greatest compe tence and t h e use of the mos t su i table var ie t ies . 
N o t only the costs of industrial p rocess ing but also t h o s e of agr icul tura l produc-
tion h a v e increased as a r e s u l t of the a b o v e . T h e area d e m a n d of the uni t p r o d u c t (end-
p r o d u c t ) m u s t also be t a k e n into cons idera t ion (e.g. sugar or meat ) . H u n g a r y has not 
suf f ic ien t arable area t o p roduce indus t r i a l r a w materials or fodder crops w i t h much 
lower y i e l d s bu t with a s o m e w h a t higher v a l u e of components . 
T h e deviation f r o m t h e classical v a l u e of the componen t s in a nega t ive direct ion 
is expe r i enced by the f a r m s too, chiefly t h r o u g h fodder ana lyses (e.g. m a i z e s tarch 
equ iva len t ) . 
Unfo r tuna t e ly , i t is character is t ic of some feeds, t h a t compounds tox ic t o animals 
are f o r m e d in them (e.g. a f l a tox in , F u s a r i u m tox in in maize). Th i s is also a consequence 
of t h e increased suscept ibi l i ty of high y i e ld ing maize var ie t ies t o pathogens. 
NYÉKI, J . : U n f o r t u n a t e l y the r e l a t ion between q u a l i t y and q u a n t i t y has been t he s u b j e c t of 
discussion for a very long t ime . Until t he env i ronmenta l f a c t o r s reach an o p t i m u m the 
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qua l i ty defini tely improves , b u t as soon as we go beyond this l imi t a negative co r r e l a t i on 
is t o be expected. 
The correlat ions should be considered specifically, for indiv idual crops or g roups 
of crops. 
The anxie ty expressed in the ques t ion is par t icu lar ly jus t i f ied in t h e case of 
sugar -bee t ; wi th cereals t he danger is no t so grea t . The process ing of sugar -bee t and 
t h e s torage of p o t a t o and f r u i t are def ini te ly less favourable a f t e r an excessive appl ica-
t ion of ni t rogen. W i t h a correct price policy a n d regular q u a l i t y control the d i f f icu l t i es 
can be e l iminated, and t h e t endency desired a t the level of t h e nat ional e c o n o m y will 
be set u p au tomat ica l ly . 
PAIS, I . : I t is ind isputable t h a t t h e required q u a n t i t y , and to a ce r t a in ex ten t qual i ty , of yield 
c a n n o t be achieved w i t h o u t ni trogen fer t i l iza t ion . Fer t i l iza t ion m u s t not, h o w e v e r , be 
applied a t the expense of t he value of t he componen t s ; in t h i s case the volume of yield 
should be a secondary fac to r . To use sugar -bee t as a model : processing a larger a m o u n t 
of r a w mater ia l wi th a lower sugar c o n t e n t consumes m u c h more energy, a n d con-
sequen t ly costs m u c h more , t h a n when a smal ler quan t i t y of b e t t e r quality suga r -bee t 
is g rown by t he f a rms . T h e crop should the re fo re be g raded b y quality r a t h e r t h a n 
b y q u a n t i t y . 
PECZNIK. J . : The h a r m f u l consequences of excessive ni t rogen fer t i l i za t ion have a l r eady been 
men t ioned . An a d e q u a t e n i t rogen level in t h e soil is one of t h e most i m p o r t a n t pre-
condi t ions for a t t a in ing large yields, while an overappl ica t ion of nitrogen m a y h a v e an 
adverse effect on t he qua l i t y of certain crops . I n 1976 t he sugar content of t h e sugar-
bee t crop was ex t r eme ly low in H u n g a r y , b u t apa r t f r o m fert i l ization t he var ie t i es 
g rown and the wea the r were also responsible t o a considerable e x t e n t . The fol lowing year 
t he sugar con ten t of t he sugar-beet was subs tan t i a l ly be t t e r . 
Considering t h a t in a socialist c o u n t r y no an tagon i sm can be allowed t o arise 
be tween the r aw ma te r i a l producer and t h e processing u n i t , some conciliation of the 
d i f fe ren t in teres ts m u s t be achieved, a m o n g o ther th ings b y sett ing a de l ivery price 
which gives sui table recompense for crop qua l i t y . This is, in f a c t , to be expec ted in the 
near f u t u r e . Na tu ra l ly , t h e problem is rea l ly more complex t h a n this: most p l a n t s are 
n o t produced for the i r own sake, b u t for f odde r or food. T h e u l t imate cr i ter ion is the 
direct or indirect nu t r i t i ve value of the c rop , or of the p r o d u c t produced f r o m i t , f r om 
the po in t of view of h u m a n biology. U n f o r t u n a t e l y , the r e l e v a n t analyses a re still at 
t he init ial stage, and for t he t ime being a t t e n t i o n is only pa id to conspicuously un-
favourab le phenomena (deficiency diseases in animals, me thaemoglob inaemia c a u s e d by 
t he high n i t ra te -n i t r i t e con ten t of dr inking w a t e r , etc.). 
PETRASOVITS, I . : In t he case of crops produced for direct h u m a n consumpt ion fe r t i l i za t ion 
m u s t not in general be a imed at obta in ing la rger yields a t t h e expense of q u a l i t y . W i t h 
crops produced for indus t r i a l purposes, on t h e other h a n d , t h i s is often pe rmiss ib le if 
t he poorer qua l i ty is compensa ted by a yield surplus , and does no t render t he process ing 
technology too expens ive . 
I n the case of fodde r product ion t h e feed value y ie ld per unit area ( q u a n t i t y , 
qua l i ty , digestibil i ty) r a t h e r t h a n the t o t a l vo lume of crop is t h e decisive f a c t o r . 
POSGAY, E . : Ni t rogen fer t i l i za t ion decreases t he a m o u n t and t he ex t rac tab i l i ty of s u g a r con-
t a i n e d in the sugar -bee t , b u t a t the same t i m e it increases t h e volume of r o o t yield. 
The de te r io ra t ion in qual i ty caused b y a higher r a t e of nitrogen f e r t i l i z a t i on is 
ini t ial ly only slight, b u t i t shows a g radua l ly increasing t e n d e n c y . 
The s i tua t ion is t he opposite in t h e case of root yield; t h e initial in tensive g rowth 
l a t e r slows down. 
This po in ts t o t h e f ac t t h a t there is a n i t rogen level a b o v e which the e x t r a c t a b l e 
a m o u n t of sugar is r educed in an abso lu te sense. If the n i t rogen supply exceeds th is 
level it is defini tely uneconomical . 
The ques t ion of t he ex ten t to wh ich it is prac t icable t o make use of t h e yield 
increasing effect of n i t rogen appl icat ion w i t h i n the range where the a m o u n t of sugar 
e x t r a c t e d still con t inues t o rise is not the concern of fer t i l iza t ion or agrotechnical exper t s 
a n d will he discussed l a t e r . 
"Sugar -bee t c a n n o t be grown w i t h o u t n i t rogen fe r t i l i za t ion" , it says in t h e ques-
t ion . I n H u n g a r y th i s is cer tainly so, because there is no sugar-bee t area w h i c h w a s not 
given ni t rogen fer t i l i za t ion th is year or, a t t h e la tes t , last y e a r . 
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A t a certain level con t inuous , r egu l a r fert i l ization cons iderably increases t h e 
ferti l i ty of t h e soil, and t h i s e f fec t is felt e v e n w h e n the n i t rogen has not been suppl ied 
directly t o t h e sugar-beet. I n th is sense i t c a n be said t h a t sugar -bee t can be g rown 
without i m m e d i a t e fert i l izer application, a n d if fertilization in t h e previous yea r s is 
del iberate ly carried out t o t h i s end, then t h i s could well be t h e bes t me thod of sugar-
beet p r o d u c t i o n . 
T o r e t u r n to the bas i c question, t h a t is, t h e extent t o w h i c h it is p rac t icab le to 
make use of t h e yield-increasing effect of n i t r o g e n fert i l ization, t h i s is decided a t t he 
level of t h e na t ional economy. I f , taking t h e w o r l d market s i t u a t i o n into cons idera t ion , 
it is economica l , then even a m a x i m u m e x p l o i t a t i o n of the ac t ion of n i t rogen o n the 
amount of suga r is jus t i f ied , s ince in the case of sugar m a n u f a c t u r i n g only t he p roduc -
tion cos ts wil l increase; t h e end-product , s u g a r , can be p roduced in the same q u a l i t y 
i r respect ive of the ex t rac t ion percentage. A n d he re a dist inction m u s t he made b e t w e e n 
sugar a n d t h o s e crops in w h i c h nitrogen c a u s e s unfavourable changes in t he qua l i t y . 
T h e o p t i m u m n i t rogen supply in a g i v e n case may d e p e n d , fo r example , on t he 
processing capac i t y of the s u g a r indust ry as wel l . T h e lower t he capac i t y , in o ther words , 
the longer t h e peak processing period, the m o r e i m p o r t a n t it is t o p roduce a un i t a m o u n t 
of sugar f r o m as small a q u a n t i t y of suga r -bee t as possible, t h a t is, the sugar -bee t 
should c o n t a i n a higher p e r c e n t a g e of e x t r a c t a b l e sugar, because t h e storage losses will 
decrease w i t h the shortening a n d increase w i t h t h e prolongation of t h e peak per iod a n d 
this m a y considerably a f fec t t h e efficiency of t h e whole vert ical sys tem. 
E v e n t h e correlations out l ined above s h o w t h a t the t e r m " o p t i m u m " d e p e n d s 
on a g r ea t m a n y factors. Never the less , it c a n safe ly be said t h a t in the case of sugar-
beet t he p o o r e r crop qua l i ty caused by a p p l y i n g larger a m o u n t s of ni trogen to o b t a i n 
higher y i e lds , and the h igher p r ime costs of t h e produc t t hus o b t a i n e d are permissible , 
though t h e l a t t e r is not a necessa ry consequence of the former. 
POZSÁR, В.: The s u g a r industry s h o u l d b u y up suga r -bee t on the basis of i t s saccharose c o n t e n t , 
and this u n d o u b t e d l y has a n influence on p r o d u c t i o n technology, including ar t i f ic ia l 
fer t i l izat ion. However, it s h o u l d be r e m e m b e r e d t h a t a re la t ive shortage of n i t rogen 
tends to c h e c k growth, w h i c h m a y be a c r i t i ca l and limiting h i n d r a n c e to d ry m a t t e r 
accumula t ion . 
SEMJÉN, I.: T h e n i t r ogen fer t i l izat ion of sugar-beet h a s recently been t h e subject of n a t i o n -
wide d iscuss ions . With t he m o d e r n r e q u i r e m e n t s and under t h e p resen t condi t ions an 
adequate y i e l d is inconceivable wi thout n i t r ogen application. Suf f i c ien t nu t r ien t c a n n o t 
be p rov ided b y farmyard m a n u r e , not to m e n t i o n t he favourable e f fec t of the l a t t e r on 
weed g r o w t h , which means t h a t i t is not wil l ingly used by the f a r m s . The ra te of n i t rogen 
fer t i l izat ion b o t h for sugar-bee t and other c rops c a n be raised u p t o t he point where t h e 
yield c a n o n l y be increased f u r t h e r at the e x p e n s e of quali ty. T h e opinion f o r m e d in 
many cases a f t e r the 1975 c r o p year , name ly , t h a t the very poor digestion of sugar -
beet (10 — 1 2 % ) was exclusively due to t he u s e of nitrogen, c a n n o t be accepted. T h a t 
this was n o t so was proved v e r y clearly b y t h e yea rs 1976 and 1977. 
L e t u s examine the y e a r 1975 f rom th i s p o i n t of view. The digest ion of sugar -bee t 
on a n a t i o n a l scale was 10 — 1 2 % . (With t h e obsole te and o u t w o r n machinery , wh ich 
has been i n u s e for half a c e n t u r y , 2 — 3% less s u g a r could be o b t a i n e d in the course of 
m a n u f a c t u r i n g . ) The loss w a s t h u s par t ly c a u s e d by the ou t -o f -da t e equ ipmen t , as 
proved b y t h e fac t tha t 2 — 3 % more sugar w a s ext racted f r o m t h e sugar-beet t r a n s -
ported t o Yugos lav ia for p rocess ing than f r o m t h a t processed in H u n g a r y . 
T h o s e w h o oppose t h e use of ni trogen l e a v e out of cons idera t ion the f a c t t h a t 
growth s e a s o n s with as l i t t le sunshine as 1975 h a v e not occurred for 100 years, t h o u g h 
this is t h e m o s t decisive of all t h e factors d e t e r m i n i n g the yield. They also ingnored 
the fac t t h a t a quality de t e r ioa r t i on was o b s e r v e d in other c rops a t the same t ime . 
The f ru i t w a s tasteless, the g r a i n h a d low b a k i n g qual i ty , and t he grapes conta ined v e r y 
little sugar (8 —15%) t h a t y e a r . Some people t h o u g h t this was all of minor i m p o r t a n c e 
and pu t t h e b l ame on n i t rogen alone. 
I n 1976 t he product ion f ac to r s were v e r y d i f ferent . The weed problem was solved, 
the Cercospora control was successful , the n u m b e r of sunshine h o u r s was higher , t h e 
agrotechnical conditions were b e t t e r , and t h e capac i t y of the processing indus t ry was 
improved. 
T h e a m o u n t of n i t rogen applied on our f a r m increased f r o m 200 to 240 k g / h a . 
The d iges t ion of sugar-beet r eached 14 — 1 6 % . I n the 1977 c ropyea r , under s imilar 
conditions, w i t h a 300 kg/ha r a t e of nitrogen fer t i l iza t ion, the d iges t ion was 15 — 1 7 % . 
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On a p r o d u c t i o n area of 200 ha a t the Sá r szen tágo ta Cooperat ive F a r m the 
average yields in 1975, 1976 and 1977 were 460. 445 and 455 q /ha , respect ively . 
All in all, i t is not artificial fer t i l izat ion or t h e use of n i t rogen t h a t reduces t he 
qua l i ty . Today h i g h level p roduc t ion of a suitable qua l i ty and q u a n t i t y is inconceivable 
w i t h o u t a co -o rd ina ted , ha rmonious and economical use of ferti l izers. 
I t is no t t h e fa rmers ' j ob t o decide to w h a t e x t e n t the accumula t ion of n i t r a te , 
a component w h i c h influences t h e m a n u f a c t u r i n g process and is h a r m f u l t o h u m a n 
hea l th , should be allowed. 
The au tho r i t i e s in charge of p roduc t ion can inf luence the qua l i ty and q u a n t i t y of 
product ion t h r o u g h t he price s y s t e m by means of incent ives and regula tors according 
t o the interests of t he public a n d of the na t ional economy. The f a r m s will no d o u b t 
follow the d i rec t ives . 
SHMILLIÁR, M.: An excessive ra te of n i t rogen fert i l izat ion is one of the fac tors t h a t u n f a v o u r a b l y 
inf luence the q u a l i t y of sugar-beet . Similarly adverse effects are exercised by diseases 
caused by yel low v i r u s and cercospore infections. H e a l t h y sugar-beet is highly responsive 
t o large a m o u n t s of fertilizer. 
E x p e r i m e n t s carried ou t a t Szarvas b e t w e e n 1973 and 1976 by Dr. Posgay 
showed tha t u n d e r irr igated cond i t ions a high r a t e of fer t i l izat ion increased t he root 
yield of sugar -bee t (1.2 ton/ha) , b u t t he sugar o u t p u t was the highest in t he case of a 
med ium ra te of fer t i l iza t ion (0.6 t on /ha ) . 
F u r t h e r m o r e , these e x p e r i m e n t s conf i rmed t h a t t he qua l i ty of sugar-beet and 
t h e quan t i ty of sugar produced were decisively in f luenced by the n u m b e r of p l a n t s per 
u n i t area. U n d e r d r y condit ions t h e p l an t n u m b e r was 110,000/ha, while in t he case of 
i r r igat ion f a r m i n g it was 148,000/ha. In large-scale f a r m s the p l an t n u m b e r is most ly 
less than f i f t y p e r cent of t h a t in t h e exper iments , so t he de ter iora t ion in qua l i ty is 
greater . 
The de te r io ra t ion in qua l i t y is not usually compensa t ed for b y t he larger a m o u n t 
of yield. The poo r qual i ty of i ndus t r i a l raw ma te r i a l s or fodder canno t be m a d e u p for 
b y large quan t i t i e s , the la t ter on ly increases t h e p roduc t ion costs, which canno t be 
to lera ted beyond a cer ta in level. I n t h e case of f o d d e r crops, the capac i ty of t he an imal 
organism is Hmi ted , and if it is f i l led u p with b a d qua l i t y feed no t only is it impossible 
t o produce a su rp lu s , but the p r o d u c t i o n may e v e n decline. B u t where is t h e î imit t o 
which nitrogen appl ica t ion can be increased? U n d e r H u n g a r i a n condi t ions , a p a r t f r o m 
some except ional cases, we do no t use as much n i t rogen ferti l izer y e t as could be safely 
used . I t would be desirable t o p roduce types of n i t rogen ferti l izer which ac t more 
slowly. Again, I should like to emphas i s the q u a l i t y of t he p r o d u c t r a t h e r t h a n t he 
economic eff ic iency. There are c rops in which b a d qua l i t y causes incalculable damages 
a n d where t he c rop m a y even become useless. 
SZALAY, S.: I t can be seen not only in sugar -bee t p roduc t ion b u t u n f o r t u n a t e l y also in t he case 
of a great m a n y o t h e r crops t h a t t h e quan t i t a t i ve increase p roduced by a high r a t e of 
fert i l ization is ach ieved pa r t ly a t t he expense of qua l i ty (e.g. spots and r o t t i n g in 
intensively g rown apples due to physiological d isorders ; t u b e r crops "b lown u p " b y an 
excessive n i t rogen supply, or " l u s h green" fodders poor in minera l subs tances , etc.). 
I t has not been scientifically p r o v e d as yet in m a n y cases whe the r or no t t he dis-
advantages c o n n e c t e d with the o therwise a d v a n t a g e o u s large yields are t he consequences 
of a relative mic roe lement def ic iency. Liebig's m i n i m u m rule applies t o mic ronu t r i en t s 
as well. The microe lements are genera l ly less mobi le and more d i f f icu l t to absorb t h a n 
ni t rogen fert i l izers . I t is known, for example, t h a t d r y hear t - ro t , t h e inner cav i ty found 
in overfert i l ized t u b e r crops, is caused by a r e l a t ive boron deficiency. I t h i n k t h a t a 
g rea t deal of sc ient i f ic research is still needed, b u t once we have learned more we shall 
be able to ensu re unobjec t ionable qual i ty combined wi th a large yield. P e r h a p s th is 
will be the n e x t g r ea t victory of chemizat ion in agr icu l tu re . 
SZENICZEY, Cs.: An overwhelming p r o p o r t i o n of p l an t p r o d u c t s are sub jec ted to processing 
before they are u s e d . The accep tance of products according to qua l i ty is slowly becom-
ing general p r a c t i c e (sugar-beet , w h e a t , etc.). 
I t is an exclusively economic question to w h a t ex ten t t h e yield should be in-
creased at t he expense of qua l i ty . T h e r equ i r emen t s wi th regard t o t he composi t ion of 
vegetable p r o d u c t s directly used in livestock f a r m i n g are de te rmined solely b y t he 
purpose to wh ich t h e y will be p u t . I n this case a q u a n t i t a t i v e view of p lan t p roduc t ion 
is definitely h a r m f u l (see the i m p a c t of s tarch, p ro te in , t race e lement deficiencies, etc . 
on livestock f a r m i n g ) . 
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SZÉKESSY-HERMANN, Y.— FAZEKAS, S.: A n increasing n u m b e r of d a t a conf i rm t h a t excessive 
fer t i l izat ion m a k e s cer ta in p l a n t s accumula t e larger a m o u n t s of n i t rogen-conta in ing 
compounds . These compounds m a y be h a r m f u l to t he p l an t itself, and m a y exert a 
ha rmfu l e f fec t on the hea l th of t he m a n or an imals consuming t h e m (e.g. t h e accumula-
t ion of n i t r a t e and ni tr i te in vegetables) . I n our opinion, considering our p re sen t living 
s tandards , i t is not the p r ime cost of sugar (sucrose) p roduc t ion t h a t should sett le the 
problem ra i sed in connect ion w i t h sugar-bee t p roduc t ion . Much more i m p o r t a n t , assum-
ing of course t h a t the ex t r ac t ed sucrose is f ree of con t amina t i on in th is sense of t he word, 
is the ques t ion of whether t h e b y - p r o d u c t t o be used for feeding con ta ins substances 
ha rmfu l t o an imals , and indi rec t ly to m a n as a consequence of n i t rogen fer t i l izat ion. 
TARJÁN, R.: The ques t ion of whe the r t o produce a poorer qua l i ty crop a t higher costs for the 
sake of a t t a i n i n g a larger yield m u s t be considered separa te ly in each case wi th an 
exact knowledge of the e x t e n t of qua l i ty de te r iora t ion . 
TULCZ, I.: Controvers ies about the fer t i l iza t ion of sugar-bee t general ly exaggera te t h e effect of 
nitrogen on t h e sugar con ten t . I n our co-opera t ive f a r m the re was a s ignif icant dif-
ference over t h e las t two years in t h e sugar con t en t of t he beet despite t he f a c t t h a t the 
ra te of n i t r ogen fer t i l izat ion was t he same, so t he exp lana t ion m u s t be f o u n d in other 
factors , chief ly in the wea ther . 
I n m y opinion the r a t e of fer t i l iza t ion, pa r t i cu la r ly t h a t of n i t rogen fer t i l izat ion, 
should be increased as long as i t still p roduces a higher absolute value. Cont inuing to 
take sugar -bee t as our example , i t is qu i te clear, for example , t h a t a 500 q / h a yield of 
sugar-beet con ta in ing 13% sugar is more desirable t h a n 300 q/ha wi th a 1 5 % sugar 
content . 
* 
PÁL, GY.: Besides t h e advantage of being easy to hand le and move (pumping) liquid fertilizers 
require an appropr ia te storage and distr ibution ne twork as well as t ranspor t ing capacity, 
and at the s a m e t ime up- to-da te mach ine ry has to be made available for applying them 
to the soil, if t h e costs per un i t nu t r i en t can be made substantial ly lower t h a n those of 
solid fert i l izers, do you th ink liquid fertil izers will gain ground in H u n g a r i a n agriculture 
in spite of t he above-ment ioned diff icul t ies? 
A c s , A.: I am of t h e opinion t h a t i t will be dif f icul t t o fulf i l the technical condi t ions required 
for liquid fer t i l izer appl icat ion, a n d I do no t believe t h a t t he cost of l iquid fert i l izer per 
uni t nu t r i t i ve va lue will he subs tan t i a l ly lower, e i ther . I therefore have d o u b t s about 
the rapid sp read ing of large-scale l iquid fert i l izer appl icat ion. 
BARACS, J . : If t h e condi t ions of s torage , del ivery and d is t r ibu t ion are sa t i s fac tory l iquid fer-
tilizers will def in i te ly be used in t h e f u t u r e on f a r m s wi th adequa t e levels of product ion . 
The cos t of establishing l iquid fert i l izer stores is basically t he same as t h a t of 
building s to res for solid fer t i l izers; t r a n s p o r t a t i o n and s torage can be solved with 
vir tual ly no loss. Dis t r ibu t ion can be carried ou t very well wi th the cu r ren t ly available 
machine t y p e s Ker t i t ox I /M a n d K e r t i t o x I , which are supplied wi th subsoilers, in-
jectors and f o a m indicators. 
Agr icu l tu re , however , is u n a b l e t o bear t he costs of del ivery (in wagons or tankers) 
f rom the f a c t o r y t o the site of u t i l iza t ion or to t he f a r m stores. So for t he t i m e being 
liquid fer t i l izers can only be used in f a r m s s i tua ted near t he factories . As f a r as the city 
of Pécs is concerned , one solut ion migh t be t he t r a n s p o r t a t i o n of liquid fer t i l izer in the 
rai lway t a n k wagons which will be unnecessary for gas oil and petrol a f te r t h e establish-
ment of t he S z á z h a l o m b a t t a — P é c s pipeline sys tem. 
BAUER, F. : A p a r t f r o m the fac t t h a t t h e un i t a m o u n t of nu t r i en t in t roduced in t h e soil with 
liquid fer t i l izers will be subs tan t i a l ly cheaper t h a n in t he case of solid fert i l izers, if 
liquid fer t i l izers are to be general ly used the i n v e s t m e n t costs of s torage and d is t r ibu t ion 
facilities a n d mach inery should be divided be tween indus t ry and agr icul ture . 
ВЕКЕ, F. : The price of liquid ferti l izer (mainly N H 4 ) m a y be 1/3 lower. I have no d a t a as to 
the prices a n d quali t ies of o the r fert i l izers. 
T r a n s p o r t a t i o n , s torage, d i s t r ibu t ion and hea l th pro tec t ion would r equ i r e enor-
mous i n v e s t m e n t s in the near f u t u r e if l iquid fert i l izers are to be i n t roduced . Wi th 
t rad i t ional fer t i l izers these fac to rs do not p resen t such a problem. 
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The g r e a t e s t p roblems ar i se w i th the m a c h i n e s required fo r l iqu id fert i l izer dis-
t r ibu t ion . T h e d i f f e ren t work ing w i d t h s of t h e d i s t r i b u t o r s , t h e dec rea sed p e r f o r m a n c e , 
t h e increased d a n g e r of b r e a k d o w n s owing to t h e d ivers i ty of t h e m e c h a n i s m and t h e 
increased d e m a n d for t r a c t o r c a p a c i t y are all f a c t o r s t o he t a k e n i n t o cons idera t ion . 
I n add i t ion , s o m e of the u s u a l m a c h i n e should b e k e p t for t h e d i s t r i b u t i o n of o t h e r 
t ypes of fe r t i l i zers . 
I t h i n k t h a t the i n t r o d u c t i o n of this m e t h o d of fe r t i l i za t ion will t a k e t ime , a n d 
only the m o s t p ro f i t ab le f a r m s will be able t o s t a r t i t . 
Ca lcu la t ions would be n e e d e d , t ak ing i n t o cons idera t ion t h e prices a n d t h e 
posi t ive and n e g a t i v e fac tors , t o de t e rmine w h e t h e r t h e a d v a n t a g e w o u l d be fe l t b y t h e 
na t iona l e c o n o m y or at f a r m level . 
ВЕКЕ, I . : L iquid fe r t i l izers are l ike ly t o be widely u s e d once the n e c e s s a r y technica l a n d 
h u m a n c o n d i t i o n s are p r o v i d e d . 
The u s e of liquid fe r t i l i ze r s h a s m a n y a d v a n t a g e s c o m p a r e d t o solid fer t i l izers . 
The g rea tes t a d v a n t a g e is t h e u n i f o r m i t y of d i s t r i b u t i o n which c a n b e bes t a t t a i n e d in 
th is fo rm. 
Once t h e necessary c o n d i t i o n s exist a r a p i d spread of t h e m e t h o d can be 
reckoned w i t h . 
BuzÁs , I . : In m y o p i n i o n it is qui te c e r t a i n t h a t l iquid fe r t i l i za t ion will be i n t roduced in H u n -
gary , a t l ea s t t o t h e ex ten t t o w h i c h it has been i n t r o d u c e d in c a p i t a l i s t countr ies w i t h 
developed agr i cu l tu res , or iu s o m e socialist c o u n t r i e s . 
DEBRECZENI, В.: I t is realist ic t o e x p e c t t h e use of l i q u i d , pressure- f ree U A N - n i t r o g e n solu-
t ions, N P a n d N P K solut ions, a n d par t i cu la r ly suspens ions to ga in g r o u n d in H u n g a r y . 
This is e n c o u r a g e d by the b a d q u a l i t y and u n e v e n g ra in size of t h e c u r r e n t solid s imple 
fert i l izers, a n d t h e consequen t l a ck of a s a t i s f a c t o r y mix ing t e c h n o l o g y . The more e v e n 
d i s t r ibu t ion p a t t e r n of l iquid fe r t i l i ze r s and t h e poss ib i l i ty of c o m b i n i n g t h e m wi th p l a n t 
p ro tec t ion a n d i r r igat ion o p e r a t i o n s give t h e m a cons iderable a d v a n t a g e . However , i t is 
only rea l is t ic t o expect l iqu id fer t i l izers t o b e u sed to cover fe r t i l i ze r r e q u i r e m e n t s 
exceeding t h e p resen t solid fe r t i l i ze r p roduc t ion c a p a c i t y . 
GYŐRI, D.: L iqu id fer t i l izers h a v e t h e a d v a n t a g e t h a t t h e y can be d i s t r i b u t e d m u c h m o r e 
evenly t h a n solid fertilizers. I n a d d i t i o n the i r a c t i v e agents are in so lu t ion , so t h e y c a n 
reach t h e r o o t s of the p l a n t s a n d be absorbed b y t h e m more r a p i d l y . I t is t h e r e f o r e 
likely t h a t t h e y will be wide ly u s e d in the f u t u r e , t h o u g h t h e a c h i e v e m e n t of a h i g h e r 
technical l eve l in the f a rms is a n i m p o r t a n t p r e c o n d i t i o n . 
HARASZTI, E . : A t a n app rop r i a t e t e c h n i c a l level the e f f e c t of l iquid a n d solid fert i l izers on y ie ld 
and economic eff iciency are n e a r l y t h e same. T h e wide app l i ca t i on of l iquid n i t r o g e n 
ferti l izers in H u n g a r y will be g r e a t l y in f luenced b y the costs of t h e facil i t ies r e q u i r e d 
for t r a n s p o r t a t i o n and d i s t r i b u t i o n . A great d i s a d v a n t a g e is t h a t w i t h th is m e t h o d t h e 
i n t roduc t i on of complex fe r t i l i ze rs in to the soil is expens ive , if it c a n be achieved a t all . 
The resul ts of t h e expe r imen t s ca r r i ed out so f a r in Borsod C o u n t y ( H u n g a r y ) are n o t , 
in m y op in ion , suff ic ient t o s e t t l e t h e ques t ion . 
HARMATI, I . : Due t o t h e great a d v a n t a g e s involved, t h e i n t roduc t i on of l iqu id fert i l izers c a n 
def ini te ly b e expec ted p r o v i d e d t h e y become a v a i l a b l e a t r e a s o n a b l e prices, and p r o -
vided the p r o p o r t i o n of t h e i n v e s t m e n t costs c h a r g e d to a g r i c u l t u r e is no t too h i g h . 
I t is t o be hoped t h a t t h e technological d i f f icul t ies e n c o u n t e r e d in t h e use of 
solid fe r t i l izers will encourage t h e p roduc t ion of l i q u i d fert i l izers. T h e appl ica t ion of t h e 
l a t t e r r equ i r e s less m a n u a l l a b o u r . The m a r k e t i n g , t r a n s p o r t a t i o n a n d mixing of l i qu id 
fert i l izers c a n be ful ly m e c h a n i z e d . They are h o m o g e n e o u s , and ea sy t o mix and d i lu t e . 
The a m o u n t a n d rat io of a c t i v e ingredients t h e y con ta in can b e a d j u s t e d easily a n d 
precisely. T h e y can be u n i f o r m l y d i s t r ibu ted a n d the i r d i s t r i b u t i o n can be c o m b i n e d 
wi th p l a n t p r o t e c t i o n o p e r a t i o n s . Their ac t ion is equ iva len t t o t h a t of solid fer t i l izers . 
I n spite of t h e s e o u t s t a n d i n g a d v a n t a g e s t h e h i g h i nves tmen t s t h e y requi re will p r o b -
ably p o s t p o n e the i r i n t r o d u c t i o n . 
HELMECZI, В.: P e r s o n a l l y I should be v e r y glad if t h e cond i t i ons necessary fo r t h e i n t r o d u c t i o n 
of l iquid fe r t i l i ze r s were p r o v i d e d , pa r t i cu la r ly as t h i s would also solve the p r o b l e m of 
the a g r i c u l t u r a l ut i l izat ion of l i qu id manure a n d c o m m u n a l sewage , which is cons ide red 
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super f luous by some, and dangerous b y o the r s , who also t h i n k it causes env i ronmen ta l 
pol lu t ion . 
K i s s , A. S.: A n even d i s t r ibu t ion is one of t h e precondi t ions of p rope r fertilizer u t i l iza t ion . 
W i t h t h e present solid fer t i l izers a 20 — 3 0 % irregular i ty of d is t r ibut ion is r e g a r d e d as 
sa t i s fac to ry , b u t it is somet imes as m u c h as 80—100%. U n e v e n dis t r ibut ion m a y result 
in a 10 — 30% loss of yie ld . A n even d i s t r i bu t ion is easily ensu red wi th l iquid fert i l izers, 
so the i r appl icat ion is l ikely t o be widely in t roduced in sp i te of t he difficult ies of t rans-
p o r t a t i o n and storage. Since today , us ing var ious salt combina t ions , active a g e n t con-
cen t r a t i ons as high as 30 — 50% can be a t t a i n e d , earlier compla in t s of how expens ive it 
was t o " t r a n s p o r t w a t e r " are no longer va l id , as the l iquid is more c o n c e n t r a t e d t han 
t h e p resen t solid fert i l izers . I n the case of N P K solutions t h e problem lies in t h e fact 
t h a t t h e y can only be used in the fo rm of a suspension. A suspension is l iable t o sedi-
m e n t a t i o n and ageing even when addi t ives are used. I t is t he re fo re probable t h a t only 
t r u e solut ions will be s torable , while subs t ances (e.g. p o t a s s i u m ) t h a t p roduce a suspen-
sion will be mixed immed ia t e ly before use. Fo r the t ime be ing storage appea r s t o raise 
m o r e p rob lems t h a n in t h e case of solid fert i l izers; t he use of ea r th cisterns l ined with 
sheets of polythene seems to be promising. T h e price of l iquid fertilizers (ca lcu la ted for 
ac t ive agen t ) m u s t be lower t h a n t h a t of solid fertilizers (where there are no dist i l lat ion 
costs). Since l iquid fer t i l izer is not only cheaper bu t also easier t o handle (mechanize) , 
it c a n be regarded as real ly up- to -da te , a n d will, in m y opin ion , be widely in t roduced , 
t h o u g h it is unlikely t o fu l ly replace solid fert i l izers. 
K i s s , Á.: T h e use of liquid fert i l izers will gain g round in agr icu l tura l product ion in H u n g a r y 
as elsewhere, once i n d u s t r y has solved t h e problem of mechaniz ing economica l dis-
t r i b u t i o n . 
KOLTAY, Á. : I n H u n g a r y solid ferti l izers are still used almost exclusively. H o w e v e r , since 
l iquid fert i l izers are cheape r , and are easier t o mechanize t h a n solid ferti l izers, t h e y are 
gaining ground all over t h e world. They are likely to be i n t roduced in H u n g a r y too, if 
t he p roduc t ion costs of l iquid a m m o n i a a n d aqueous a m m o n i a c a l solution a re really 
only half t he p roduc t ion costs of solid n i t r ogen fertilizers. 
T h e spread of l iquid fertil izers is h inde red by the f a c t t h a t their s torage, delivery 
and d i s t r ibu t ion requi re h ighly expensive special equ ipmen t . I t h i n k t h a t if t h e cost of 
l iquid fert i l izers per u n i t n u t r i e n t were considerably lower t h a n t h a t of solid fert i l izers 
t h e y would quickly become popular . 
KovÁTS, A.: T h e in t roduct ion of l iquid ferti l izers requi res a well organized supply a n d applica-
t ion cha in which is technica l ly and professional ly wel l -equipped. This r equ i r e s con-
s iderable f inancial a n d ma te r i a l resources. Consequent ly l iqu id fert i l izat ion is n o t used 
near ly as widely anywhere in the world as one might t h i n k f r o m the l i t e r a t u r e which 
deals w i t h it . I n F rance , for example , on ly 10 — 15% of t h e ni t rogen is app l i ed in a 
l iquid s t a t e . In H u n g a r y th i s me thod of fer t i l izat ion is still a t t he inves t iga tory stage. 
The use of liquid fert i l izers is expected t o be in t roduced f i r s t in t he vicini ty of t h e fer-
ti l izer factor ies , b u t a consumpt ion h igher t h a n 10—15% (on an active a g e n t basis) 
c a n n o t be except for t he n e x t t en years . 
LÁNG, G.: Of all t he liquid fer t i l izers a m m o n i u m n i t r a t e c a r b a m i d e , the agro technica l ad-
v a n t a g e s of which have a l ready been m e n t i o n e d , is likely to be t h e f i rs t to be i n t roduced . 
The saving on the r a t h e r h igh costs of sack ing also advoca tes t h e use of l iquid n i t rogen 
fert i l izers . A fu r the r reason is t h a t the hand l ing of sacked fert i l izers requi red a great 
deal of manpower , which is also unnecessary for liquid fer t i l izers . 
LŐRINCZ, J . : This question is v e r y complex. I t is no t enough to solve t he problems of t rans-
po r t , s torage and d i s t r ibu t ion ; t h e p r e p a r a t i o n of the soil will also be more expens ive . 
W h o will p a y the costs of t he ex t ra i n v e s t m e n t s ? For t h e t ime being good qua l i ty , 
b e t t e r composi t ion (ac t ive agent rat io) a n d , above all, well g ranu la ted fer t i l izers are 
b a d l y needed , and mach ines suitable for d i s t r ibu t ing t h e m . 
Liquid fer t i l iza t ion, which is expec ted to be a real i ty b y the end of t h e cen tu ry , 
will r epresen t a new per iod in agr icul tura l p roduct ion . B e y o n d t he economic ques t ions 
t he p rob lems of complex l iquid fertilizer m a n u f a c t u r i n g m u s t also be solved. 
MIHÁLYFALVY, I . : Provided t h e problems of s to rage , t r a n s p o r t a t i o n a n d d is t r ibut ion in to the 
soil are solved, and technological discipline is s t reng thened , t h e wide i n t r o d u c t i o n of 
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l iquid artificial fer t i l izer ut i l izat ion should be possible. The quest ion is, however , to 
w h a t extent i n d u s t r y will unde r t ake t o support these inves tmen t s , a n d w h a t t he size of 
t h e cost per u n i t n u t r i e n t will be. F o r t he t ime be ing a n y s t a t emen t concerning t he 
wide applicat ion of l iquid artificial fert i l izers would b e p rematu re . 
I t should b e ment ioned here t h a t in the G e r m a n Democrat ic Repub l i c , where 
t h e r e is a high level of technological discipline, the use of liquid ar t i f ic ia l fertil izers is 
nevertheless not expend ing to t he " d e s i r e d " ex ten t . 
MOLNÁR, J . : Liquid fe r t i l izers could be d i s t r i bu t ed with an accu racy which is impossible wi th 
solid fertilizers. 
The app l i ca t ion of liquid fer t i l izers demands t h e development of a special infra-
s t ruc tu r e which will n o t be cheap. W h e n agrochemical cent res are es tabl i shed this pos-
sibil i ty should be t a k e n into accoun t . 
NYÉKI, J . : I n my opinion t h e wide use of l iqu id fertilizers will be promoted b y t h e advantages 
of i t s agricul tural appl icat ion r a t h e r t h a n by the p r o d u c t i o n costs. 
Of these a d v a n t a g e s the possible saving of m a n u a l labour, wh ich is more and 
m o r e difficult t o o b t a i n , must be m e n t i o n e d in t he f i r s t place. 
The ef f ic iency of liquid fer t i l izers , assuming t h a t i t is equal t o t h a t of solid 
ferti l izers, can be expla ined by t h e f a c t t h a t the r a t i o of macroe lements c a n be be t t e r 
a d j u s t e d to t he soils and crops of t h e given fa rm, a n d uni form d i s t r ibu t ion is easier 
t o a t t a in . 
I do not e x p e c t the price of l iqu id fertilizers t o be lower, as t he whole Hunga r i an 
fert i l izer i ndus t ry is designed to p r o d u c e solid fert i l izers . The amor t ina t ion of an invest-
m e n t costing m a n y millions of f o r i n t s will be added t o t he product ion costs of liquid 
fert i l izers even if t h e m a n u f a c t u r i n g process is a p p a r e n t l y cheaper. 
However , t h e development t e n d e n c y is clear f o r t h e reasons ou t l ined above. The 
f inanc ia l burdens ( e x t r a inves tments b y farms, a m o r t i z a t i o n of indus t r ia l un i t s ) cannot 
be imposed on o n e b ranch or o t h e r of t he nat ional e conomy , but m u s t he shouldered 
jo in t ly , in which case the use of l iqu id fertilizers is l ikely to be i n t roduced into agri-
cu l tura l pract ice v e r y soon. 
PAIS, I . : Sooner or la te r t h e in t roduct ion a n d wide appl icat ion of liquid and dissolved fertilizers 
will be an es tab l i shed practice. T h i s will require a considerable a m o u n t of inves tment 
a n d organizat ion, b u t in fu tu re t h e t endency will de f in i t e ly be to use nu t r i en t s in a 
dissolved state . T h i s w a y of supply ing t h e plants w i t h n u t r i e n t s is s impler , more efficient 
a n d easier to mechan ize . 
PECZNIK, J . : AS the p r o d u c t i o n and u t i l i za t ion of fert i l izers increases, the s torage , t r ade and 
dis t r ibut ion of t h e ever increasing v o l u m e of fer t i l izer (some 6.2 mil l ion t o n s by 1985) 
cause more and m o r e problems w h i c h require u p - t o - d a t e solutions. I n s t e a d of the ex-
pensive and labour - in tens ive m e t h o d of packaging t h e fertil izers in bags , which makes 
i t diff icult to i n t r o d u c e up- to -da te handl ing m e t h o d s , a system of fer t i l izer s torage 
m u s t be found w h i c h can be a u t o m a t e d . The app l i ca t ion of large a m o u n t s of fertilizers 
m a k e s it necessary t o use high c a p a c i t y machines c a p a b l e of sa t i s fac tor i ly even dis-
t r ibu t ion . These r equ i r emen t s can b e fulfi l led by us ing l iquid fertilizers a n d suspensions. 
The a d v a n t a g e s involved in in t roducing l iquid ferti l izers are f i r s t and foremost 
of an economic n a t u r e . In m a n u f a c t u r i n g liquid fer t i l izer less raw m a t e r i a l and fewer 
work processes a r e needed to p roduce t h e fertilizer, w h i c h means t h a t t h e costs of invest-
m e n t and p r o d u c t i o n are also r e d u c e d . Market ing, t r a n s p o r t a t i o n and hand l ing can be 
fu l ly mechanized . Agriculture c a n also make t he b e s t use of scient i f ic resul ts and 
technological a ch i evemen t s by us ing a fertilizer of h i g h physiological va lue , which can 
be evenly d i s t r i b u t e d and localized, which can be c o m b i n e d with a wide r ange of agro-
technical and chemotechnica l opera t ions , and whose ac t ive agent r a t io c a n be ad jus ted 
t o t he current loca l demands (of c rops and plots). 
The sho r t age of manual l a b o u r in Hungary , as in the rest of t h e world, means 
t h a t the d e v e l o p m e n t of procedures which are easy t o mechanize is impera t ive . 
In the s imple and complex l iquid fertilizers of solution and suspension type all 
t h e nutr i t ive e l e m e n t s are present as w a t e r soluble c o m p o u n d s , in fo rms read i ly available 
a n d fully u t i l izable b y the plant . T h e p r imary n u t r i t i v e elements (par t i cu la r ly ni t rogen 
a n d phosphorus) a re present as ion groups wi th d i f f e r e n t valencies wh ich makes t h e 
nu t r i en t supply b o t h quick and con t inuous . 
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Since the act ive agent ra t io c a n he ad ju s t ed according to t he nu t r i t iona l and 
physiological r equ i r emen t s of t he p l a n t and also to c o n f o r m with the a ims of the cultural 
pract ices employed , t h e y are ex t r eme ly efficient, mul t i -purpose fert i l izers . 
Our own l abora to ry , pot and ou tdoor exper imen t s , carried out s ince 1971, prove 
t h a t s imple and complex liquid fer t i l izers of the solut ion type , with ca rbamide -ammo-
n ium-n i t r a t e or a m m o n i u m - p o l y p h o s p h a t e bases, appl ied by themselves , in combina-
t ion w i t h microe lements or herbic ides , or toge ther w i t h irrigation w a t e r , are nutr ient 
sources a t least equal t o t he modern solid fertilizers agrochemical ly , and in some respects 
even superior to t h e m . 
Liquid fer t i l iza t ion can be a d a p t e d ext remely well to the soil conse rva t ion and 
p lan t p ro tec t ion technologies of t h e large-scale crop p roduc t ion sys tems. 
I n H u n g a r y it is a l ready possible for cer ta in n i t rogen fer t i l izers (carbamide, 
a m m o n i u m n i t r a t e ) to be delivered t o t he user in t he f o r m of a solution. S u c h problems 
as the hygroseopy and cement ing of t h e fertilizers, wh ich now cause ser ious problems, 
do not arise a t all w i t h the n i t rogen solutions. 
W h e n es tabl ishing liquid fer t i l izer factories t h e agrochemical c e n t r e s should be 
regarded as p a r t of t he vert ical m a n u f a c t u r i n g sys tem. The fertilizer f ac to r i e s shoidd 
produce t he basic componen t s (N solut ions, N P a n d N P K solutions), f r o m which the 
mixing un i t s a t t he agrochemical cent res , using t he so-called cold m i x i n g technique, 
would t h e n m a k e u p ferti l izer solut ions , or possibly suspensions, the composi t ions of 
which would meet t h e demands of t he users. 
Cer ta in technica l condit ions are required for t h e appl icat ion of l iqu id fertilizers. 
I t looks as t h o u g h a large propor t ion of the equ ipmen t a n d machinery r equ i r ed for the 
in t roduc t ion of the technology will be available f r o m domest ic sources. Thus . Hun-
gar ian p r o d u c t s such as steel or p las t ic containers , a n d plast ic or r u b b e r covers for the 
storage of l iquid fert i l izers and for t h e t r anspor t ing a n d dis t r ibut ing t a n k s can be used, 
provided the special r equ i rements (e.g. corrosion p ro tec t ion) are t a k e n i n t o considera-
t ion. The modern low-pressure H u n g a r i a n - m a d e sp rayers can also be u s e d wi th minor 
modi f ica t ions for t he d is t r ibu t ion of l iquid fertilizers. I t will be possible t o construct 
liquid fert i l izer adap t e r s to be m o u n t e d on seed-drills, a n d the c o m p l e m e n t a r y f i t t ings 
which will be necessary for i r r igat ion sys tems can also be supplied to ta l ly or in par t by 
H u n g a r i a n indus t ry . 
L iquid ferti l izers will be very use fu l to the f a rmer s , so they can be expec ted to be 
widely used . This means t h a t p r e p a r a t i o n s mus t be m a d e as soon as possible for their 
s torage a n d handl ing . F i r s t of all N solut ions are likely t o be in t roduced , followed later 
by complex N P fert i l izer solutions m a n u f a c t u r e d in H u n g a r y or in one of t h e socialist 
countr ies . 
PETRASOVITS, I . : The f u t u r e of liquid fer t i l izer ut i l izat ion in Hungar i an ag r i cu l tu re is not 
de te rmined pr imar i ly b y t he ecological and technical solut ions and condi t ions . These 
are ve ry promising, in spite of t he diff icul t ies . 
The re la t ively r ap id and wide in t roduc t ion of l iqu id fertilizer in H u n g a r i a n agri-
cul ture depends on subjec t ive condi t ions . The be t t e r t h e organizat ion a n d professional 
level of p roduc t ion , t r anspo r t a t i on , s to rage and appl ica t ion , and the m o r e efficient the 
agr icul tura l p roduc t ion and technological discipline t h a t in tegra tes all t hese , t h e quicker 
t hey will gain ground. 
POZSÁR, В. : N P K ferti l izer suspensions w i t h var ious composi t ions have a l r eady appeared in 
H u n g a r i a n agr icul ture . In spite of t h e difficulties, l iquid fertilizer is t h e t h i n g of the 
fu tu re . Al thogh the inves tmen t costs of ammonia d i s t r ibu t ion are t h e h ighes t of all, 
t h e ac t ive agent con ten t is also t h e h ighes t wi th th i s m e t h o d of fer t i l iza t ion . 
KAKONCZAY, Z.: I do no t wish to give an opin ion on whether , in sp i te of the s to rage difficulties, 
l iquid fert i l izers will gain ground in agr icu l ture provided t he costs per u n i t nu t r i en t are 
subs tan t ia l ly lowered compared to t hose for solid fert i l izers . B u t I do wish t o s ta te t h a t 
before l iquid ferti l izers are in t roduced some solution m u s t definitely be f o u n d for the 
ut i l iza t ion of l iquid f a r m y a r d m a n u r e , b o t h for economic and e n v i r o n m e n t a l protec-
t ion reasons . 
I t is well known t h a t concen t ra t ed l ivestock f a r m s p roduce large q u a n t i t i e s of liquid 
manure . I t is also known , t h a t t he consequen t i n v e s t m e n t s required for t h e protect ion 
of the env i ronmen t m a y increase t h e expenses by 30 - 4 0 % . Both f r o m an economic 
and an env i ronmen ta l pro tec t ion p o i n t of view it would be far be t t e r t o utilize the 
liquid m a n u r e for t he fer t i l izat ion of agr icul tural areas , instead of m a k i n g such ex-
pensive inves tments . 
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SHMILLIÄR, M.: I th ink t h a t one or two mode l f a r m s should be m a r k e d out now fo r t h e introduc-
t ion of liquid fer t i l iza t ion . In f a r m s equipped wi th i r r iga t ion facilities t h i s could be 
solved wi th re la t ive ly small i n v e s t m e n t s . Experience o b t a i n e d in this f i e ld would be of 
g r ea t value and wou ld provide g r o u n d s for fu r the r decisions. T r a n s p o r t a t i o n through 
pipel ines is one of t h e most economical solutions; b y m e a n s of makesh i f t pipelines con-
c e n t r a t e d solutions could perhaps b e delivered to t h e t a n k s of the use rs , f r o m where 
t h e y would be car r ied t o the field t h r o u g h pe rmanen t pipelines. 
SZENICZEY, Cs.: The well k n o w n d i sadvan tages of solid fer t i l izer ut i l izat ion ( t r a n s p o r t a t i o n alia 
r i n fu sa , problems of qual i ty , s torage , u n e v e n d i s t r ibu t ion , low number of active agent 
combinat ions , e tc . ) h a v e jus t abou t r e a c h e d the l imi ts of tolerance of t h e f a rms . 
The s torage , del ivery, d i s t r i bu t ion and homogen iza t ion of l iquid ferti l izers, and 
t h e var ia t ion of the i r active agent c o n t e n t s are, pa radox ica l ly , easier t h a n in the case 
of solid active agen t s . 
Jobs which could only he d o n e manual ly u p t i l l now can easily be mechanized 
for l iquid ferti l izers (suspensions). 
This technological solution is t h e only possible w a y of t ak ing a s t ep forward, 
even if it is more expensive t h a n t h e t rad i t iona l one. 
A liquid fer t i l izer storing a n d d is t r ibut ing s y s t e m capable of cover ing the whole 
c o u n t y of K o m á r o m is now being cons t ruc t ed . 
SZÉKESSY-HERMANN, V. —FAZEKAS, S.: Whi le planning the deve lopmen t of ag r i cu l tu re in Hun-
gary we mus t n o t fo rge t t h a t t he a r e a of the coun t ry is small. Besides t h e highly ex-
pens ive deve lopment of fer t i l izat ion m o r e a t t en t ion s h o u l d be paid t o t h e exploi tat ion 
of t h e possibility o f fe red by the f a c t t h a t livestock f a r m i n g and crop p roduc t ion t ake 
place in H u n g a r y side by side, r e s t r i c t ed to a re la t ively smal l area. T h e r e is thus plenty 
of oppor tun i ty for a n economical j o i n t application of organic m a n u r e a n d fertilizers, 
a n d in general, fo r t h e co-ordinat ion of the technologies applied. T h e efficiency of a 
c o u n t r y ' s agr icu l ture based on t he s t reng then ing of t h e industr ia l b a c k g r o u n d can only 
be j udged correct ly a f t e r a longer pe r iod . Highly deve loped countries w i t h large agri-
cu l tu ra l areas are also faced wi th dif f icul t ies in th i s r e spec t as shown b y the leading 
ar t ic le of a recen t ly published copy of Science (vol. 199, No. 4327, 1978), according t o 
which , in cont ras t t o t he rapid and economical increase in yields f r o m t h e end of World 
W a r I I unt i l 1970, agricul ture has r ecen t ly shown a s t agna t ion . T h e ar t ic le also calls 
a t t e n t i o n to t he d a n g e r of a yield depress ion in t he n e a r f u t u r e owing t o t h e depletion 
of t he biological reserves of the l a n d , t h e diminishing of t h e topsoil, e tc . T h e article goes 
on t o enumera te t h e new lines of r e sea r ch which seem likely to p r o m o t e development ; 
i t is not surpris ing t h a t these are m o s t l y of a biological character . As fo r as Hungar i an 
condi t ions are concerned , it should be emphasized once again t h a t desp i t e its small 
t e r r i t o ry the c o u n t r y possesses good agricultural cond i t ions bu t t h e possibilities of 
ut i l izing new a reas for th is purpose a r e very l imited. I n our deve lopment p lans it would 
h a r d l y he wise t o ignore the fac t t h a t t h e possibly shor t - l ived technologies f r o m countries 
w i t h subs tant ia l ly grea te r possibilit ies can only be a d o p t e d af ter a t h o r o u g h evaluat ion. 
W e m u s t a lways keep in mind t h a t i t is not admiss ib le , for the sake of a t empora ry 
increase in eff ic iency, to take t he r i sk of going beyond t h e limits of n a t u r e ' s regenerat ing 
abi l i ty in our t r a n s f o r m a t i o n of t h e env i ronmen t and t h e n being compel led t o spend t h e 
bu lk of our energy on res tora t ion. 
TARJÁN, R . : The app l i ca t ion of liquid fer t i l izers u n d o u b t e d l y facili tates b e t t e r fert i l ization 
m a n a g e m e n t , a n d c a n therefore be regarded as a m o r e up- to-da te m e t h o d than t he 
t r ad i t iona l f o rm of fer t i l izat ion, b u t providing the necessa ry equ ipment is a question of 
t h e economic, i n v e s t m e n t and d e v e l o p m e n t level. 
TuLCZ, I . : W i t h respect t o t he use of l iqu id fertilizers, v a r i o u s factors h a v e t o be taken in to 
considerat ion. T h e m o s t i m p o r t a n t of these is the u n i f o r m dis t r ibut ion of the ferti l izer. 
Th i s r equ i remen t in itself just i f ies t h e in t roduct ion of l iquid fertilizer i n agriculture as 
soon as possible. I n m y opinion, l ike other t e c h n i q u e s used in c o u n t r i e s with more 
developed agr icu l tures , the app l i ca t ion of liquid fe r t i l izers will also b e c o m e wide-spread 
in Hunga ry . T h e speed of this p rocess will obviously depend on v a r i o u s factors, b u t 
I t h i n k we can t a k e i t for gran ted t h a t i t will t a k e p lace . 
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S T U D I E S ON T H E M O R E L L A S E C T I O N O F T H E SOLANUM G E N U S . V.* 
E V A L U A T I O N OF T H E A L K A L O I D P R O D U C T I O N O F S O L A N U M A M E R I C A N U M M I L L . 
I n t he course of ou r systematic s tud ies on the species of the Solanum genus t o f ind 
sui table s t a r t ing ma te r i a l fo r steroid h o r m o n e synthesis, t h e p l an t s drawn in to t he invest iga-
tions were mostly na t ive t o Central E u r o p e or were expec ted t o be easy to in t roduce . Such 
species seem to be t h e solasodine-bearing members of t h e Morella section. Al though the 
chemis t ry of many p l a n t s in this section is more or less k n o w n (SCHREIBER 1968), the i r evalua-
tion for alkaloid p r o d u c t i o n cannot be said to be complete , since in most cases only ve ry few 
da ta are available on t h e var iabi l i ty of t h e alkaloid con ten t a n d even less on t he var iab i l i ty of 
the p h y t o m a s s . The s i t u a t i o n is the same in t he case of Solanum americanum Mill. BRIGGS et 
al. (1961) established t h a t in the fresh green berries there is 0 . 3 % solasodine-glycoside (solaso-
nine, solamargine, and smaller amoun t s of a- and /?-solanigrine). BOGNÁR — MAKLEIT (1962, 
1965) conf i rmed the p resence of the f i rs t t w o glycosides in t he shoots (0.17 dry wt . % ). MÁTHÉ — 
MÁTHÉ (1974) also f o u n d 0.22 — 0.27% glycosides wi th solasodine aglycone in t h e shoots. 
Besides these no o ther d a t a have been f o u n d in the l i t e ra tu re which might be corre la ted wi th 
the a lka lo id content or p roduc t ion . Therefore , t he aim of th i s work is to achieve a more complet 
eva lua t ion which t akes t h e variabil i ty of t h e p lan t into accoun t . 
T h e p lants i nves t i ga t ed were g rown in an expe r imen ta l field f r o m seeds or iginat ing 
f r o m v a r i o u s botanic ga rdens . After ga the r ing and dry ing t h e p lan ts , the p h y t o m a s s e s of t h e 
organs were measured separa te ly . 
I n some cases p r e p a r a t i v e isolat ion of the glycosides was carried o u t and a f te r t he 
hydro lys i s of the glycoside mixture t he solasodine con t en t was conf i rmed. This m e t h o d was 
publ i shed in an earlier p a p e r (MÁTHÉ — MÁTHÉ 1974). 
F o r the c o m p a r a t i v e invest igat ions vo lumet r ic analys is was carried ou t . A b o u t 2 g of 
dried d r u g (at 70°C) w a s ex t rac ted wi th 0 .5% nitric acid. A f t e r f i l t ra t ion and a d j u s t i n g t he 
ac id i ty t o 1 N with hydroch lor ic acid, t h e aglycone was prec ip i ta ted f r o m the solution wi th 
sodium hydrox ide . A f t e r t ransfer r ing it t o f i l ter paper and d ry ing it , the alkaloid was e x t r a c t e d 
wi th ch loroform in Soxh le t equipment . The basici ty was es tabl i shed by t i t r a t i n g t he chloroform 
solut ion wi th p- to luene-sulphonic acid in t h e presence of d i m e t h y l yellow indica tor . The resul ts 
are expressed as solasodine. Parallel wi th every t i t r imet r ic de te rmina t ion , t he aglycone con t en t 
was checked with TLC. T h e carrier was silica gel G (Merck) , the developing sys tem was a 
19 : 1 chloroform — m e t h a n o l mix tu re a n d t he spray r e a g e n t was a n t i m o n y t r ichlor ide in 
ch loroform. 
* This paper w a s presented a t t h e 11th I n t e r n a t i o n a l Symposium on the Chemis t ry 
of N a t u r a l P roduc t s of I U P A C at Golden Sands , Bulgar ia , Sep t embe r 17—23rd 1978. 
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Table 1 
Alkaloid content (dry ict. %) of S. americanum Mill, organs 
Roo t Stem Leaf 
Inf lo- Ber ry 
rescence 
green ripe 
Prepared glycoside* 0.003 0.02 0.04 1.69—2.34 0.03 
Means of t i t r a t e d aglycone 0.03 0.02 0.10 0.25 1.03 0.15 
* The solasodine content is about 4 0 % of the glycoside. 
The p r e p a r a t i v e invest igat ions conf i rmed t he presence of solasodine in the fo rm of 
glycosides in all o rgans of the p lan t . T h e p repa ra t i ve d a t a t oge the r with t he t i t r a t i o n resul ts 
a r e d e m o n s t r a t e d in Tab le 1. 
Table 1 d e m o n s t r a t e s t h a t t h e green be r ry has the highest alkaloid c o n t e n t . F r o m the 
p o i n t of view of a lka lo id p roduc t ion , t h e var ia t ion in the alkaloid content of t h e green ber ry 
seems to be t he m o s t in teres t ing t o s t u d y . Table 2 shows t he means of the a lkaloid content of 
t h e green berr ies of p l a n t s or iginat ing f r o m f ive E u r o p e a n bo tan ic gardens b u t g rown in our 
expe r imen ta l f ie ld in successive years . 
Table 2 
Variation in the alkaloid content 
of the green berry in successive years 
Year 
Alkaloid (dry w t . % ) 
X rbs 
1973 10 1.40 0.37 
1974 49 0.77 0.41 
1975 46 1.10 0.31 
1976 72 1.10 0.46 
1977 3 0.94 0.12 
Tota l 180 1.03 0.43 
The va lue s of s t a n d a r d dev ia t ion ( ± s ) given in Tab le 2 and the q u a n t i t y of green 
ber r i es depend u p o n t h e t ime of h a r v e s t , i.e. on t he s tage of p l an t development . So the t ime-
d e p e n d e n t v a r i a t i o n of cer ta in cha rac te r s which migh t be corre la ted with the a lkaloid produc-
t i o n were s tudied in 1976 and are d e m o n s t r a t e d in Figs. 1 a n d 2. 
F r o m the expe r imen ta l resul ts only t he green be r ry appear s to con ta in a significant 
a m o u n t of solasodine, while the o ther organs, wi th the i r m u c h lower alkaloid con t en t , prove 
t o be bal last . T h e r ipe ber ry does not seem to be an except ion ei ther. I t s re la t ive ly higher 
" a l k a l o i d " con ten t only consists of a v e r y small a m o u n t of solasodine (Table 1). 
The alkaloid con t en t of the green be r ry shows r e m a r k a b l e variabi l i ty which could he 
d u e a t least in p a r t t o the different c l imat ic condi t ions of t he successive years (Table 2). 
The t ime of h a r v e s t , i.e. the s tage of deve lopment of t he p lan t , exerts a g r ea t influence 
o n t h e alkaloid p roduc t ion . As can be seen f r o m Fig. 1, t he t o t a l above-ground phy tomass 
inc reased gradua l ly dur ing the whole exper iment (in 1976). The phy tomass of t h e green berry 
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Fig. 1. V a r i a t i o n in the p h y t o m a s s and a lkaloid product ion per p l a n t in the d e v e l o p m e n t 
period of t h e ber ry 
% 
Leaf Green berry 
Stem Ripe berry 
Fig. 2. V a r i a t i o n in the pe rcen tage d is t r ibu t ion of t h e above-ground p h y t o m a s s in t h e develop-
m e n t period of t h e ber ry (1976) 
increased m o r e slowly and f r o m the beginning of September o n w a r d s i t was almost u n c h a n g e d . 
The alkaloid con ten t (dry wt . % ) of the green b e r r y changed s o m e w h a t more. The f l u c t u a t i o n 
can be well expressed by t he coefficient of v a r i a t i o n : s% = 14 .4%. T h e corresponding annua l 
mean a n d s t a n d a r d devia t ion of the alkaloid con ten t s are X = 1.10 ± 0.16%. T h e alkaloid 
product ion per p lant has a m a x i m u m curve; t h e position of t h e m a x i m u m seems t o be de-
termined b y t h e alkaloid c o n t e n t (dry wt . % ) of t he green b e r r y . (At the m a x i m u m , it is 
1.22%.) W h e n the alkaloid con t en t of t he t o t a l above-ground p h y t o m a s s is ca l cu la t ed , the 
highest f i gu re , 0.30%, is associated wi th t h e m a x i m u m of a lkaloid product ion. 
Fig . 2 demons t ra tes t h e var ia t ion in t h e proport ion of t h e va r ious organs d u r i n g the 
expe r imen ta l period. I t can be clearly seen t h a t , surprisingly, t he va r i a t ion of the o t h e r organs 
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a f f e c t s neither t h e produc t ion of t h e g reen berry nor i ts re la t ive p ropo r t i on among the o rgans , 
a t least near t h e m a x i m u m of a lka lo id product ion. 
Considering i t s alkaloid c o n t e n t , the green b e r r y of Solanum americanum Mill, m i g h t 
b e a suitable sou rce of solasodine. T h e expected yield of solasodine per u n i t area, however , is 
re la t ive ly low. I t m i g h t be be tween 8 —15 kg/ha. A p a r t f r o m this, t he l a rge a m o u n t of ba l l a s t 
c o u l d be a p r o b l e m , because the a lka lo id content of t h e to ta l p h y t o m a s s only exceeds t h e 
0 . 3 % level in r a r e cases. The ba l l a s t problem can be s o m e w h a t r educed by using a su i t ab l e 
m e t h o d of h a r v e s t i n g , e.g. only t h e u p p e r part of t h e p l a n t is ga the red a f t e r defoliat ion. T h e 
u t i l iza t ion of Solanum americanum Mill, as a solasodine source would on ly be prof i tab le if 
t h e r e were a poss ib i l i ty of other, p a r a l l e l exploi ta t ion. 
* 
Prepared a t t h e Research I n s t i t u t e for Bo t any of t he H u n g a r i a n A c a d e m y of Sciences, 
V á c r á t ó t . 
I . M Á T H É J R . , H O A N G V A N M A I , I . M Á T H É S E N . 
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Centre Pirenaico de biologia esperimental. 
1968. Vol. 2. 
The P y r e n e a n Centre of E x p e r i m e n t a l 
Biology, b rough t in to exis tence by the 
Supreme Council of Scientific Resea rch , began 
i ts act ivi t ies in Barce lona and J a c a in 1963. 
A number of scientif ic papers f r o m the in-
s t i t u t e have a l ready been pub l i shed . The 
second volume, publ ished in 1968, supplies 
in format ion on geological, bo tan ica l , zoolog-
ical and zoobiological s tudies. 
С. E . Marti B o n o — C. Pu igdefábregas : 
E s t u d i o del Parque Nac iona l de Aigiies T o r t e s 
y Lago de San Maur ic io (Pirineos cen t ra les ) : 
geologia y morfologia (Geological a n d mor -
phological studies on t h e National P a r k in 
t he region of Aigiies To r t e s and Lake S a i n t 
Mauric io , in the c e n t r a l Pyrenees). 
T h e au thors p re sen t a s tudy, d iv ided in to 
fou r chap te r s cover ing 35 pages, on t h e a rea 
m e n t i o n e d in the t i t l e . Twenty f ive source 
works were used in t h e s tudy . The p a p e r also 
con t a in s maps and h i g h qual i ty p h o t o g r a p h s . 
I n t h e f i rs t c h a p t e r t he geological h i s t o r y 
of t h e Nat ional P a r k is discussed f r o m t h e 
Azoic t h rough the Cambr ian and S i lu r i an 
eras u p to the d e v e l o p m e n t of the m o u n t a i n 
cha in in its present f o r m . Details a re g iven 
of t h e changes du r ing t he Devonian a n d car-
boni fe rous periods, a n d d a t a are p r o v i d e d on 
t he " supe rpos i t i on" w h i c h took place in t h e 
c re taceous period a n d in the Miocene. 
T h e Nat ional P a r k is si tuated in t h e axia l 
zone of t he Pyrenees a n d forms a w a t e r s h e d 
b e t w e e n the French a n d Spanish r ivers . 
T h e au thors give a n orographic a n d h y d r o -
g raph ic description of t h e zone. A la rge p a r t 
of t h e area is occupied by the San Nico lau 
and E s p o t valleys. T h e highest m o u n t a i n s are 
t he G r a n Tue de Colomers (2932 m) a n d the 
P e q u e r a (2969 m). Glaciers have f o r m e d wide 
grooves on them; P o r t á r r o de Espo t is t he 
mos t easily negotiable of the mounta in passes . 
T h e second c h a p t e r is a p é t r o g r a p h i e 
s u m m a r i z a t i o n of t h e area. The rocks are 
g rouped according t o geohistorical per iods . 
De ta i l ed descr ipt ions are found here of am-
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pelite, of the brownish-green sh iny rocks , and 
of black a m p e l i t e , a rock w h i c h is very 
character is t ic of t h e Pyrenees. Accord ing to 
the au thors ' invest igat ions t h e l imestone 
layer which g ives t he bulk of t h e moun ta in 
chain or ig inates f r o m the D e v o n i a n . A con-
siderable p r o p o r t i o n of the N a t i o n a l Pa rk is 
formed by g r a n i t e which con t a in s essential 
minerals and m a g n e t i t e . 
The th i rd c h a p t e r presents d a t a on the 
s t ruc ture of t h e m o u n t a i n chain. 
The last c h a p t e r contains t h e resu l t s of 
t he authors ' inves t iga t ions in to t h e living 
world, and i n t o vege ta t ion in genera l . 
This p a r t inc ludes data on t h e valleys 
found in the zone . The three d i s t r i c t s of the 
Valle del N o g u e r a de Tor (Travessany , Culieto 
a n d Biciberri) a r e described in de t a i l . 
P. Montse r ra t -Recorder : Oro f i t i smo y 
endemismo en el género Veronica (Orophy-
t ims and e n d e m i s m of the genus Veronica). 
Studies on t h e p lan t Veronica b egan in 
1954 with t h e pu rpose of i d e n t i f y i n g and 
examining t h e re la t ionship of V. mampodren-
sis to other species , primarily t o Veroni-
castrum. The charac te r i s t i c f ea tu res of V. ara-
gonensis were a lso s tudied, and o n t h i s basis 
a comparison w a s m a d e with the Chamadroni-
Hispano-Africanae species. 
The au thors u s e d the methods devised by 
J u e l and Sande r s in their work. 
The E u r a s i a n moun ta ins are r i c h in ever-
green plants of t h e genus Veronica. I t ex tends 
t o the t ropical m o u n t a i n s of A f r i c a , so its 
d is t r ibut ion s o m e w h a t resembles t h e dis-
t r ibu t ion of t h e Ericaceae. 
The au thor u s e s a number of cha rac t e r s 
t o show the phy logene t i c i m p o r t a n c e of the 
p l an t , and gives a list of m o n o g r a p h s on the 
subjec t . 
The species a re described on t h e basis of 
he rba r ium d a t a f r o m Kew Gardens, Eng land . 
Following t h e w o r k s of Roempp a n d Stoh, 
t h e genus is d iv ided into Tibetanae a n d Medi-
terranae groups. I n th i s classification system 
t h e corolla and t h e ba rk are t a k e n i n to con-
siderat ion. On t h i s basis the a u t h o r suggests 
t h e setting u p of Macrostemonae a n d Densi-
florae sub-groups w i t h i n the Tibetanae group. 
T h e work descr ibes the Veronicastrum 
ser ies: Gouani, Alpinae, Fruticulosae, Glandu-
losae, Tibetanae, Mediterranae. 
T h e paper is i l lus t ra ted wi th 15 tab les 
w h i c h make it e x t r e m e l y clear. 
E . Balcells R . : E s t u d i o general de los 
b i t o p o s de las Isias Medas (General s t u d y on 
t h e biosphere of t h e Medas islands). 
T h e biosphere of t h e Medas i s lands was 
inves t iga t ed in de ta i l in 1961 — 62, a n d d a t a 
w e r e published on t h e seasonal changes . The 
a u t h o r ' s current p a p e r is an a u g m e n t a t i o n of 
t h i s s tudy . 
As a ma t t e r of f a c t , the Medas i s lands 
c a n be regarded as a con t inua t ion of t he 
Macizo de Torroella d e Montgri . I t is in th is 
c o n t e x t t ha t the rel ics of the h i s t o r y and 
c u l t u r a l history of t h e island are p r e s e n t e d , 
a n d reference is m a d e to the commerc ia l 
i m p o r t a n c e of the i s l ands . 
T h e paper c o n t a i n s d a t a on t he c l imate 
a n d t h e meteorological character is t ics of t h e 
i s l ands . The a m o u n t of annua l p rec ip i t a t i on 
is 400 — 700 m m w i t h a d ry season in J u l y 
a n d Augus t . Deta i led in fo rmat ion is g iven on 
t h e t empera tu re . 
More t han 15 species of Angiospermae a n d 
s o m e 125 species of f lower ing p lan t s occur on 
t h e is lands. The a u t h o r gives a de ta i led de-
s c r i p t i o n of these. 
I n t he course of examin ing t he re la t ion-
sh ips between p l a n t species and soil com-
p o s i t i o n the au thor p o i n t s out t h a t 5 4 % of 
t h e p l a n t s are to be f o u n d in calcareous and 
ac id ic soils alike. Ha lophy lous a n d ni t ro-
p h y l o u s groups of p l a n t s are dealt w i t h in a 
s e p a r a t e chapter. 
T h e author es tab l i shes t h a t t he vege ta -
t i o n of Meda Chika is t h e poorest f o u n d on 
a n y of t he islands. 
A to t a l of 24 b ib l iographic sources are 
q u o t e d in the paper . T h e da ta are i l lus t ra ted 
b y 22 high qual i ty pho tog raphs , a n d t he 
d i s t r i b u t i o n of the v e g e t a t i o n on t he i s lands 
is s h o w n on 4 maps . 
C. Alt imira: Moluscos terres t res en las 
I s i a s Medas ( E a r t h w o r m s on the Medas 
I s l a n d s ) . 
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The molluscs occurring on t h e Medas 
is lands are descr ibed in a sho r t two-page 
article. The pape r is based on a s t u d y carried 
o u t by Balcells in 1961. I n t h e p a p e r 24 
species are l is ted. 
E. Balcells В . — F. Fer re r : N o t a sobre 
pe t i r ro jo (Erithacus rubecula), en S a n J u a n 
de la Pena [Notes on the r o b i n (Erithacus 
rubecula) in S a n J u a n de la P e n a ] 
The au tho r s give a 3-page a c c o u n t of the 
g rowth , weight gain and nes t -bu i ld ing habi ts 
of the robin. D a t a are presented o n t h e cha-
racter is t ic f e a tu r e s of robin 's eggs. 
Fe rnando L. Bodr iguez-J imenez — E. Bal-
cells В. : N o t a s biologicas sobre el alimoehe, 
Neophron percnopterus, en el A l to Aragon 
(Biological observa t ions of Neophron perc-
nopterus in t he Alto Aragon) 
The au tho r s refer to 10 bibl iographic 
sources in the i r 20-page paper . T h e b i rd con-
cerned is pa r t i cu la r ly wide-spread in the 
Spanish p a r t of t he Pyrenees. T h e migra t ion 
of the birds general ly takes p lace in t he last 
week of March , b u t slight d i f fe rences are 
observed f r o m yea r to year . T h e eggs are laid 
in the f i rs t half of May, and t h e ch icks ha tch 
a t the beginning of June . The b i r d s leave the 
Pyrenees be tween t he end of S e p t e m b e r and 
t h e beginning of October . 
The paper supplies precise d a t a on t he size 
of the eggs, t h e g rowth of the ch icks and the 
hab i t s of the b i rds . The s t udy is augmen ted 
wi th schemat ic i l lustrat ions a n d 9 photo-
graphs . 
Vol. I I of t h e Centro Pirenaico de Biologia 
E x p e r i m e n t a l conta ins a f u r t h e r 4 pape r s by 
J . Nadal . These are two-page pape r s on 
invest igat ions in t he sphere of zoobiology, 
and deal wi th t he condit ions of N a + and 
sugar metabol i sm and absorp t ion . 
S . T U B O L Y 
Nigerian Journal of Plant Protection. 
Nigerian Society for P lan t P r o t e c t i o n , 1976, 2. 
I n the Af r i can countr ies t h e level of 
nu t r i t ion shows ex t reme v a r i a t i o n s , f rom 
almost luxur ious eat ing h a b i t s t o physical 
s t a r v a t i o n . This is s h o w n b y the d a t a pub l i ch -
ed b y FAO H e a d q u a r t e r s in connect ion w i t h 
t h e f igh t against u n d e r n u t r i t i o n and h u n g e r 
in t h e economical ly backward coun t r i e s 
where food p roduc t i on canno t keep pace w i t h 
t h e r ap id growth of t h e populat ion. 
A number of u n i v e r s i t y s tuden t s f r o m 
Asia, Afr ica , Cen t ra l a n d South Amer ica 
acqui re in H u n g a r y t h e basic knowledge re-
qu i red for the r ap id deve lopment of food pro-
duc t ion . Under t he h e a d i n g "Tropical P l a n t 
P r o t e c t i o n " they b e c o m e acquain ted w i t h 
t h e chemizat ion of c rop produc t ion , t he 
appl ica t ion of pes t ic ides , the use of fer t i l izers , 
fo l iar and spray n u t r i t i o n , and the u p - t o - d a t e 
u t i l iza t ion of g r o w t h s t imula tors . 
T h e y can improve the i r special knowledge 
of phy topa tho logy , p l a n t protect ion, zoology, 
toxicology and he rbo logy by s tudying fore ign 
publ ica t ions , inc lud ing t he journal now be ing 
rev iewed. They c a n r e a d , for example , a b o u t 
t h e effect of p o t a s s i u m on the bacter ia l wil t -
ing of manioca, or o n t h e control of m o u l d i n g 
caused by the Aspergi l lus species. 
J u d g i n g by t h e second volume pub l i shed 
in 1976, the list of t i t les should convince 
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everybody t h a t they can deepen their knowl-
edge in the field of tropical p l an t protection. 
Those in teres ted in the subject can find de-
tailed descript ions of the wilt ing diseases of 
oil-palm seedlings, maize-ear losses caused by 
ver tebra ta , t he symptoms of t he rosette 
(virus) disease, the Cercospora leaf spots of 
peanut , the t empera tu re requ i rements for the 
Colletotrichum disease of cow-pea, or the 
biology of Sclerot ium rolfsii. The same volume 
deals wi th pes t control, the appl icat ion of 
insecticides in min imum quant i t i es of water 
on cotton f a rms , control exper iments on cocoa 
plantat ions , chemical weed control , and 
storage problems. There are publ icat ions on 
the relation between fert i l ization and epide-
mics, and an article on the phy to tox i c effect 
of black polyethylene bags. 
The line diagrams, photos and tables in 
the journal are clear and easy to unders tand . 
They reflect up- to-date me thods of research 
with ma thema t i ca l evaluation. T h e journal is 
equally useful for teachers, researchers , and 
agricultural engineers planning to go abroad, 
and is also welcome as an aid for universi ty 
s tudents and postgraduates f r o m abroad. 
I . P E T R Ó C Z I 
M . В . G R E E N , G . S . H A R T L E Y a n d T . F . 
WEST: Chemicals for crop protection and pest 
control. Pe rgamon Press, Oxford, New York, 
Toronto, Sidney, Paris, F r a n k f u r t , 291. 
The book is one of a series ini t ia ted by 
Robert Robinson with the a im of giving 
universi ty s tuden t s books conta ining informa-
tion on var ious branches of t h e chemical 
industry. M. B. Green, one of t h e authors , 
writes in the preface tha t a l though a con-
siderable n u m b e r of books on pesticides have 
recently been published, they all approach 
the questions of act ivi ty, selectivity, mode of 
action and behaviour in the env i ronment 
f rom the point of view of biology. B y contras t , 
this book is un ique in t ha t it examines pestic 
des "as p roduc t s of manufac ture and t rade 
by the chemical indust ry" . 
Chemicals for 
Crop Protection and 
Pest Control 
A revised edition of CHEMICALS FOR PEST CONTROL 
by G S. Har t ley a n d T.F. Wes t 
M.B.Green G.S.Hartley T.F.West 
Hurford, Cheshire Homdton, /Vew Zeahmd Tyfus Causeway, Hertford 
% 
The industrial a n d economic aspects are 
successfully ama lgama ted with the funda -
menta l ly chemical cha rac te r of the book. I t is 
not a scientific work in t he strict sense of the 
word , as may be seen b y the style of edit ing. 
I t does not contain l i terary references; t he 
re levant l i terature (monographs , summaries 
in t he nature of a review) are listed at t he end 
of each chapter, bu t no original publ icat ions 
are referred to. Consequent ly , s t a t ement s of 
views connected wi th t h e name of any par t ic-
u lar researcher, or the conclusions d r awn 
f rom them, are not given. The book confines 
itself to presenting indust r ia l ly tested resul ts , 
offer ing a true p ic ture of all the i m p o r t a n t 
chemicals currently used for crop pro tec t ion 
and pest control, and discussing the efficiency, 
possibilities and l imi ta t ions of chemical crop 
protec t ion. 
The first chapter deals with the produc-
t ion and economic aspec t s of pesticides and 
draws a comparison be tween the appl icat ion 
of pesticides and ferti l izers. It touches on 
parallels with the pharmaceut ica l indus t ry , 
and examines the deve lopment of me thods 
and efficiency in pest ic ide research. 
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The second chap te r analyses t h e economic 
implicat ions of pesticide app l ica t ion f r o m the 
point of view of t h e m a n u f a c t u r e r , t h e farmer 
and the na t ion . T h e energy b a l a n c e for the 
use of pest ic ides is discussed in a fu r the r 
chap te r . E v e n exper t s on t h e s u b j e c t may 
learn much f r o m the tables showing the 
energy r e q u i r e m e n t s for the p r o d u c t i o n and 
agr icul tura l appl ica t ion of the m o s t impor t an t 
pesticides, a n d , as t he coun t e rpa r t of this , the 
value of the metabol ical ly u t i l i zab le energy 
or iginat ing f r o m t h e use of pes t ic ides . 
A strictly prac t ica l a t t i t ude character izes 
t h e four th c h a p t e r , which g roups t h e pestici-
des in cur ren t use according t o v a r i o u s crite-
r ia , and a t t e m p t s t o correct c e r t a i n nomen-
cla tures and w a y s of classification wh ich have 
arisen due t o false i n t e r p r e t a t i o n s . The 
au thor s p u t t he emphasis on classif icat ion 
according to t h e w a y in which t h e pesticides 
reach the site of action, and t h u s categorize 
t h e m as vola t i le , contact a n d systemic 
pesticides. A l t h o u g h the p r imar i l y chemical 
charac te r of t h e book is r epea t ed ly emphasiz-
ed, the comple te omission of t h e generally 
accepted classif icat ion according t o the ta-
xonomical place of the t a r g e t organisms 
(insecticides, fungicides , herbic ides , etc.) ne-
vertheless leaves a sense of de f ic iency . 
In the s u b s e q u e n t chapters t h e authors , 
pursu ing a s o m e w h a t a rb i t r a ry a n d incon-
sequent ca tegor iza t ion and c o n t r a d i c t i n g their 
own principles of classification, descr ibe the 
m a j o r types of pesticides. 
The f i f t h c h a p t e r deals wi th mine ra l and 
vegetable oils used for crop p r o t e c t i o n and 
for p reven t ing microbial d a m a g e t o t imber . 
Besides the f ie lds of appl icat ion of fered by 
using the va r ious oils alone, t h e authors 
men t ion cases where they are u s e d as addit iv-
es to increase t h e effect of o t h e r active 
agents . 
The next t h r e e chapters i n t r o d u c e chlorin-
a t ed h y d r o c a r b o n , phosphate e s t e r and car-
b a m a t e type insecticides, those be longing to 
o the r chemical groups and insect ic ides of 
n a t u r a l origin. W i t h i n the i nd iv idua l groups 
of chemicals t h e au thors p r e s e n t t h e most 
f r equen t ly used prepara t ions , b u t fo r wan t of 
space do not t r y t o include all insecticides; 
i n s t e a d they give r ep resen ta t ive e x a m p l e s 
showing general co r re la t ions . The la rger p a r t 
of e a c h of the c h a p t e r s is devoted to descr ip-
t i o n s of the chemica l composi t ion a n d pro-
d u c t i o n of the pes t ic ides , b u t the a u t h o r s give 
i n f o r m a t i o n on t he b iochemical m e c h a n i s m of 
a c t i o n as well. 
T h e ninth c h a p t e r deals with insec t re-
pe l l en t s and a t t r a c t a n t s , as well as w i t h sub-
s t ances which i n f l u e n c e the behav iour of 
insec t s in other w a y s , a n d discusses t h e pos-
sibil i t ies of their a p p l i c a t i o n in crop p ro tec -
t i o n . I n contrast t o t h e other chap t e r s t he 
chemica l aspects a r e pushed into t he back -
g r o u n d , and the a u t h o r s are pr imar i ly con-
c e r n e d with the m e c h a n i s m by w h i c h t h e 
e f f ec t becomes fu l ly mani fes t . The p r ac t i c a l 
v i ewpo in t which is t h e basic trai t of t h e whole 
w o r k assumes spec ia l importance in th i s 
c h a p t e r , as it shows t h e economic side of t he 
q u e s t i o n and t h e r e b y causes d i s appo in tmen t 
in some methods of c rop protect ion which , 
owing to their n o v e l t y , have so f a r been 
j u d g e d too opt imis t ica l ly . 
T h e ten th c h a p t e r con ta ins i n fo rma t ion on 
chemica ls used a g a i n s t inver tebra ta which 
c a n n o t be included a m o n g the insects (mi tes , 
n e m a t o d e s , molluscs) , while the e l even th 
c h a p t e r describes chemica l s used to con t ro l 
v e r t e b r a t e s which c a u s e damage to cu l t i va t ed 
p l a n t s , par t icular ly r o d e n t s . 
Th ree subsequent chapters discuss t h e 
chemica ls used a g a i n s t fungal diseases in 
c u l t i v a t e d plants. Of these , two supp ly in-
f o r m a t i o n on the t r a d i t i o n a l fungicides con-
t a i n i n g heavy meta l s , su lphur , etc., while t he 
t h i r d gives an a c c o u n t of the systemic f u n -
gicides t h a t have improved cons iderab ly 
d u r i n g the last t e n y e a r s . 
T h e f i f teenth c h a p t e r deals with herb ic ides 
a n d t he s ixteenth w i t h growth regu la to r s . 
Th i s l a t t e r chapter , un l ike the other p a r t s of 
t h e book, lays p a r t i c u l a r emphasis on t h e 
m o d e of action, a n d discusses the p rac t i ca l 
a spec t s of applying g r o w t h regulators . Th i s 
c h a p t e r makes exc i t ing reading even for t hose 
f ami l i a r with the c h e m i s t r y of crop pro tec-
t i on , as it presents theore t ica l ly possible b u t 
as y e t unexploi ted w a y s of increasing t h e 
y ie lds of cul t ivated p l a n t s . 
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A separa te c h a p t e r is devoted t o quest ions 
of pesticide appl ica t ion , va r ious technical 
solutions, a n d t h e physical a n d physico-
chemical s t a n d a r d s required of chemicals , 
sprays , and t h e dis t r ibut ion of t h e chemical 
on the p lan t surface . The n e x t c h a p t e r is 
closely l inked w i t h this: it d iscusses the 
var ious forms of pesticides, n a m e l y , wet tab le 
powders , dus ts , emulsion concen t r a t e s , aero-
sols, f u m i g a n t s a n d granular p r e p a r a t i o n s . 
The chap te r on t he pesticide r e s i s t ance of 
p l an t s is a va luab l e par t of t h e book . The 
causes and m e c h a n i s m of the d e v e l o p m e n t of 
resis tance are examined f rom m a n y aspects , 
including morpho logy , b iochemis t ry and ge-
netics. The a u t h o r s ' s t a tements a r e suppor t ed 
b y some charac te r i s t i c examples su i t ab le for 
general izat ion. 
The hea l th a n d env i ronmenta l aspec ts of 
pesticide app l ica t ion are d iscussed in the 
twen ty - f i r s t c h a p t e r of the b o o k , w h e r e the 
legal measures t a k e n in E n g l a n d a n d the 
Un i t ed S ta t e s t o eliminate t h e pesticide 
haza rds t h r e a t e n i n g bo th consumers and the 
workers employed in the chemica l i ndus t ry 
a n d t r a n s p o r t a t i o n are discussed. 
Al though t h e au thors ' aim, as s h o w n by 
t h e t i t le of t h e book, is to a c q u a i n t their 
readers wi th chemica l means of c r o p protec-
t ion , the twen ty - second chapter , w h i c h sum-
marizes the u t i l i za t ion of non-chemica l me-
thods of crop pro tec t ion , never the less forms 
an integral p a r t of the work. T h i s chap te r 
gives a t rue p ic tu re of the ach i evemen t s , 
f u t u r e prospects , basic conceptions a n d pract-
ical chances of breeding for r e s i s t ance to 
weeds, fungi a n d insect pests, a n d gives an 
account of agrotechnical . biological a n d other 
non-chemical m e t h o d s . 
The last c h a p t e r deliberates o n f u t u r e 
possibilities. P ro jec t ing the p r e s e n t tenden-
cies into the f u t u r e i t outlines t h e probable 
deve lopment of crop protect ion. W h y is it 
t h a t deve lopment cannot stop a t i t s present 
level? Apar t f r o m the fact t h a t t h e develop-
m e n t of chemical pest control i tself is con-
t inual ly p roduc ing new solutions, agr icu l tu re 
also gives rise, o f t e n precisely as a con-
sequence of pest ic ide application, t o s i tua t ions 
which force t h e science of crop p r o t e c t i o n to 
r e n e w its efforts. " A s long as there is one 
weed species r e s i s t an t t o a par t icu lar her-
b ic ide , there is t h e possibility t h a t t h i s 
species may be a loca l problem, or e v e n a 
n a t i o n a l problem, w h e n competi t ion is re-
m o v e d " , the au thor s wr i t e . The chap te r dis-
cusses a t length the q u e s t i o n of how economic 
f a c t o r s will inf luence t h e fu tu re t r e n d of 
pes t ic ide research a n d application. Qu i t e 
u n d e r s t a n d a b l y , t h e a u t h o r s restr ict t h e m -
selves to factors w h i c h ac t in the cap i ta l i s t 
s y s t e m . This chapter is an outs tanding p a r t of 
t h e book , an analys is r i ch in original con-
cep t ions which will b e n e w even for e x p e r t s 
in t h e subject . 
T h e whole of t h e w o r k is neither m o r e nor 
less t h a n what i t w a s in tended to be : an 
excel lent ly wri t ten t ex t -book , a v a l u a b l e 
source of i n fo rma t ion for unini t ia ted ou t -
s iders possessing an e l e m e n t a r y knowledge of 
chemis t ry . 
G Y . M A T O L C S Y 
WISNIAK, J . : Jojoba oil and derivatives. 
Progres s Chem. F a t s o t h e r Lipids, Vol. 15, 
167 — 218. P e r g a m o n Press , O x f o r d - N e w 
Y o r k — F r a n k f u r t — P a r i s —Toronto — S y d n e y , 
1977. 
T h e new m o n o g r a p h " J o j o b a oil a n d de-
r i v a t i v e s " published u n d e r the ed i torsh ip of 
R a l p h T. Holman ( E x e c u t i v e Director a n d 
Professor of B iochemis t ry , Hormel I n s t i t u t e 
of Univers i ty of Minneso ta ) in t he in t e r -
n a t i o n a l review " P r o g r e s s in the Chemis t ry 
of F a t s and other L i p i d s " was w r i t t e n b y 
J a i m e Wisniak ( D e p a r t m e n t of Chemica l 
Engineer ing , Ben G u r i o n Universi ty of t h e 
Negev , Beer Sheva, I s rae l ) . 
T h e 51-page work con ta ins 39 f igures a n d 
32 tab les , and reference is made to 77 l i t e r a ry 
sources . 
T h e work is in t h e f o r m of a m o n o g r a p h , 
s imilar in s t ructure t o t h e monograph series 
on Cul ture Flora p u b l i s h e d by the H u n g a r i a n 
A c a d e m y of Sciences. T h e botanical , economic 
a n d phytoehemical charac te r iza t ion is fol-
lowed by a section o n chemical t echnology . 
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S i m m o n d s i a chinensis is discussed u n d e r t h e 
fo l lowing headings : 
I . I n t r o d u c t i o n 
I I . Appl ica t ion 
I I I . Charac te r i s t ic morpholog ica l a n d ana -
tomical f e a t u r e s of f lower, f r u i t a n d 
seed, u t i l i za t ion of l iquid w a x d u r i n g 
ge rmina t ion 
IV. J o j o b a oil 
A. Oil e x t r a c t i o n 
B. Charac te r i s t i c s of the oil 
C. Molecular p r o p e r t i e s 
D. Tox ic i ty 
E . Compos i t ion of j o joba oil 
V. J o j o b a mea l 
V I . Chemical t r a n s f o r m a t i o n of t h e oil 
A. Cis- t rans i somer iza t ion 
B. H y d r o g é n a t i o n 
C. S u l p h u r i z a t i o n and su lphur -ch lo -
r ina t ion 
D. L u b r i c a t i n g p roper t i e s of s u l p h u r -
ized a n d s u l p h u r - c h l o r i n a t e d de-
r iva t ives 
E . E p o x i d a t i o n 
F . A c r y l a t e - m e t h a c r y l a t e esters 
H . E s t e r r educ t ion 
V I I . O t h e r 
L i t e r a t u r e 
T h e j o j o b a has not been dea l t wi th in s u c h 
deta i l be fo re . F r o m t h e m o n o g r a p h " T h e 
Chemical C o n s t i t u t i o n of N a t u r a l F a t s " b y 
C. P . H i l d i t c h P. N. Wi l l i ams (1964, Chap-
m a n - H a l l . L o n d o n ) it is k n o w n t h a t the f r u i t 
and seed of S immonds ia ca l i fornica c o n t a i n 
highly c h a r a c t e r i s t i c l ipids w i t h p rope r t i e s 
similar t o t h o s e of spe rm wha le oil. The f r u i t 
of j o j o b a c o n t a i n s w a x i n s t e a d of g lycer ides . 
This spec ia l l iquid seed w a x is comple t e ly 
absen t f r o m t h e e n d o s p e r m b u t is local ized 
ent i re ly in t h e e m b r y o a n d co ty ledons . T h e 
j o j o b a w a x is composed of es ters of h igh 
ca rbon n u m b e r a l ipha t ic alcohols and n o n -
d ry ing f a t t y acids. Accord ing t o the d a t a of 
H i l d i t c h a n d Wil l iams t h e m a i n f a t t y acid 
c o m p o n e n t is eicosen ac id ( c i s -e i cos - l l - en 
acid): 6 4 . 4 % , and t h e o t h e r is docos-13-en 
acid (e ruc ic acid) : 30 .2%. I t s oleic acid con-
t e n t is as low as 1 .4%. I t s a l ipha t ic a lcohols 
are docoseno l (n-docos-13-enol) : 7 0 % , a n d 
eicosenol (n -e icos - l l - eno l ) : 3 0 % . 
F r o m W i s n i a k ' s m o n o g r a p h we learn t h a t 
Simmondsia chinensis ( L i n k ) Schneid . , a 
m a j o r spec ies of the f a m i l y Buxaceae ( t h e 
genus Simmondsia was ear l ier placed in t h e 
Box s e c t i o n of the f ami ly Euphorbiaceae), is 
a rous ing increas ing in t e re s t in the U n i t e d 
S ta tes , Mexico and Is rae l as an i n d u s t r i a l 
p l an t . F r o m t h e j o j o b a seed a n a lmost c o m p -
letely colour less and odour less oil c a n be 
e x t r a c t e d w i t h a weight r a t i o of 5 0 % . 
Th i s l i q u i f o r m and indus t r i a l l y usefu l w a x 
of v e g e t a b l e origin m a k e s i t possible t o 
p r o d u c e t h e basic r a w m a t e r i a l of m a n y 
indus t r i a l p r o d u c t s b y m e a n s of crop p ro -
duc t ion , i n s t e a d of by g r a d u a l l y killing off t h e 
whale spec ies which are a l r e a d y p r o t e c t e d . 
T o d a y t h e whole world is concerned w i t h 
n a t u r e c o n s e r v a t i o n ; it is a wel l -known f a c t 
t h a t t h e f l o r a and f a u n a of t h e oceans , 
inc lud ing t h e largest m a m m a l s in the w o r l d , 
are se r ious ly t h r e a t e n e d . 
S ince t h e j o j o b a is a n a t i v e p l a n t of S o u t h 
Ar izona , N o r t h - W e s t Mexico a n d the ne igh-
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bour ing areas (which is w h y the name S. 
cal i fornica is used ins tead of S. chinensis), i t s 
cu l t iva t ion also provides emp loymen t for R e d 
Ind i ans l iving in reserva t ions in the region. 
The Ar izona Univers i ty (Tucson) and t h e 
California Univers i ty (Rivers ide) have the re -
fore e l abo ra t ed a detai led p lan ta t ion a n d 
processing p lan with a view to p ro f i t ab le 
jo joba cu l t iva t ion . J o j o b a could also be g rown 
on o the r semiar id areas and migh t t h u s be a 
promis ing crop in o ther p a r t s of the wor ld 
as well. 
J o j o b a oil has several advan tages over 
sperm wha le oil: it does no t smell o f f i s h , does 
not c o n t a i n Stearine w h e n fresh, can be 
su lphur ized wi thou t da rken ing , and r ema ins 
in a l iquid s t a t e af ter su lphur iza t ion . 
Wisn iak men t ions t h a t t he oil ob t a ined 
f rom j o j o b a seed was used by t he Red I n d i a n s 
as hai r lo t ion, and for ea t ing , the rapeu t i c a n d 
r i tua l purposes even before the E u r o p e a n 
colonists a r r ived . Today it is used widely in 
i ndus t ry . As it is to le ran t t o high t e m p e r a t u r e 
and pressure , it is an excel lent lubr ican t . 
I t has a h igh dielectric cons t an t , so it is a 
f i r s t class t r ans fo rmer oil. I t can be used n o t 
only in t he m a n u f a c t u r e of l inoleum b u t also 
in c a rbon paper and stencil p roduct ion , a n d 
it is a c o m p o n e n t of m a n y pha rmaceu t i ca l 
and cosmet ic products . Since jo joba oil is 
easy t o hyd rogena t e , a pa r t i cu la r ly hard w a x 
with a h igh mel t ing po in t can be ob ta ined 
f rom i t , wh ich can vie w i t h bee 's wax, can-
delilla, c a r n a u b a and spermace t i wax. T h e 
C20 and C22 l inear carbon cha in alcohols which 
can be e x t r a c t e d f rom t h e oil are va luab le 
basic ma te r i a l s in producing detergents , wet -
t ing agen t s a n d other der ivat ives . 
The bo tan ica l and morphological char -
ac te r iza t ion deals main ly wi th the f ru i t a n d 
seed of S immonds ia chinensis. I t is an in ter-
esting s t a t e m e n t t h a t t he w a x stored in t h e 
coty ledons of the germina t ing seed f irst de-
composes in to smaller molecules which t h e n 
p e n e t r a t e in to the embryo and are uti l ized 
there . T h e ana tomica l descr ipt ion of the seed 
is followed b y a detailed chemical charac te r -
izat ion. T h e t e x t , which is i l lustrated b y 
tables a n d d iagrams, provides in format ion on 
the chemical and technological propert ies of 
j o j o b a oil. The evalua t ion is g rea t ly helped by 
comparisons be tween jo joba oil a n d o ther oils 
used in a similar manner . 
Dur ing his discussion of ex t rac t ion 
me thods the a u t h o r gives i n f o r m a t i o n on the 
efficiency of va r ious solvents a n d t he lipid 
composi t ion of t he ex t rac ted p r o d u c t . To 
men t ion a few of the physico-chemical and 
mechanical proper t ies of j o j o b a oil: freezing 
po in t : 10.6 — 7.0°C; melt ing p o i n t : 6.8 —7.0°C; 
dielectric c o n s t a n t : 2.680 (at 27°C); specific 
g rav i ty : 0.863; viscosity: 35 cp ; f i re point : 
338°C; iodine va lue : 82; acid v a l u e : 2. 
F rom a prac t ica l point of v iew it is im-
p o r t a n t to know the physico-chemical bases 
of hydrogéna t ion . The solubili ty of hydrogen 
is in direct p ropor t ion to t he pressure and 
t e m p e r a t u r e used. This fac t is c lear ly shown 
b y the N M R spect ra and t h e different ia l -
scanning calor imetr ic t h e r m o g r a m s . 
The section on the chemical composi t ion 
of jo joba oil is par t icular ly in te res t ing . The 
j o j o b a meal is t he 50% by we igh t remaining 
a f t e r oil ex t rac t ion . I t is n o t e w o r t h y t h a t 
th i s meal con ta ins 31.5% pro te in . I t is also 
r ich in lysine (5 .7%) and a rg in ine (7.8%), 
while the meth ion ine con ten t is relat ively 
low (0.4%). 
The oil-free meal contains 3 — 4 % sim-
mondsine , a digest ion inhibi tor . T h e s t ruc ture 
of th is toxic compound is given as 2-cyano-
methylene-3-hydroxy-4 .5 d imethocyc lohexyl 
/З-D-glucoside, which causes a c u t e toxici ty 
(LD 5 0 > 4 g k g " ' ) in the o rgan i sm when 
in t roduced orally. The s immonds ine content 
can be reduced by a lengthy t r e a t m e n t with 
ammonia ; j o j o b a meal thus t r e a t e d causes a 
weight gain when added to t h e feed at a 
r a t io of 15%. 
The f a t t y acid and alcohol composi t ions 
of jo joba oil are de te rmined by gas chromato-
g r a p h y and mass spec t romet ry . Of the 21 
f a t t y acids ident i f ied e icos- l l -en acid makes 
u p 71.3%, and docos-13-en acid 1 3 . 6 % . Of the 
12 alcohols e icos- l l -enol and docos-13-enol 
are found in the largest p ropor t ions (43.8 and 
4 4 . 9 % , respect ively) . Tha t is, 4 3 . 2 % of the 
w a x esters of j o j o b a oil is docosenil eicosenate 
a n d 30.9% is eicosenil eicosenate. 
The chapter discussing the chemica l t rea t -
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ment and t r ans fo rma t ion of t h e oil is of g rea t 
value. I t gives a full theore t ica l and pract ical 
survey of t h e cata lyt ic equ i l ib r ium of hydro-
génat ion, t h e fac tors p r o m o t i n g t he catalysis, 
the p rope r t i e s of the h y d r o g e n a t e d wax, t he 
eff iciency of su lphur iza t ion a n d sulphur-
ch lor ina t ion w i t h sulphur chlor ide , and of t he 
lubr ica t ing propert ies of der iva t ives t h u s 
ob ta ined , a n d t he p roduc t ion of wax alcohols 
ob ta ined b y es ter reduct ion . 
At t h e e n d of this comprehens ive work t h e 
au thor l is ts var ious kinds of resul ts . Par t icu l -
arly i n t e r e s t i ng is the s t a t e m e n t t h a t in in 
vi tro e x p e r i m e n t s jo joba oil p revents t h e 
r ep roduc t i on of Mycobac te r ium tuberculosis , 
p robably b y exer t ing a h y d r o l y t i c or dissolv-
ing ac t ion on t he externa l l ipid layer of t h e 
bacillus. T h e an t i foaming e f fec t of jo joba oil 
is very use fu l in p roduc ing penicillin a n d 
Cephalosporine by f e r m e n t a t i o n , and causes 
an increase in t he yield of ant ib io t ic . 
Wisn i ak ' s monograph on jo joba oil is 
highly i n s t r u c t i v e not only for researchers 
direct ly in t e re s t ed in its u t i l iza t ion , b u t for 
anyone work ing with f a t s of vegetable a n d 
animal or ig in . Much is expec t ed f rom th i s 
new indus t r i a l p lant in t he coming years; i t s 
world i m p o r t a n c e will only be ful ly felt in t he 
new mi l l en ium. 
L . G Y . S Z A B Ó 
Protein and non-protein nitrogen for ruminants. 
Publ ished for the United N a t i o n s by Perga-
men Press L t d , London, 1977. 
Proceedings of the S y m p o s i u m on Recen t 
Deve lopmen t s in the Use of New Sources of 
Prote in , Essen t i a l Amino Acids and Non-
protein N i t r o g e n , Wi th Special Reference to 
R u m i n a n t s . 
The S y m p o s i u m was held a t the Palais 
des N a t i o n s , Geneva, f rom 10 to 13 J a n u a r y 
1977.The sympos ium was jo in t ly organized b y 
the C o m m i t t e e on Agr icu l tura l problems of 
the U n i t e d Nat ions E c o n o m i c Commission 
for E u r o p e (ECE) and t h e Food and Agri-
cul ture Organiza t ion of t h e Uni ted Nat ions 
(FAO). F i f t y - s ix pa r t i c ipan t s f r o m seventeen 
countr ies and f r o m two in te rna t iona l organiz-
a t ions a t tended t h e symposium, w h i c h met 
u n d e r the cha i rmansh ip of Professor N. A. 
Shmanenkov , Di rec tor of the Al l -Un ion Re-
search Ins t i tu te of Physiology a n d Bio-
chemist ry and N u t r i t i o n of An ima l s of the 
USSR. Professor W. K a u f m a n n , of the 
In s t i t u t e of Dai ry Product ion , F e d e r a l Dairy 
Research Centre (Federa l Republ ic of Ger-
m a n y ) , served as Vice-Chairman. 
The p r o g r a m m e for the S y m p o s i u m , 
d r a w n up by the secre tar ia ts of t h e E C E and 
t h e FAO, enabled t he par t i c ipan ts t o discuss 
t h e requi rements of both da i ry a n d beef 
ca t t l e for pro te in , essential amino acids and 
non-protein n i t rogen , and new sources of 
these nutr ients , a n d secondly, t h e economic 
a n d other cons idera t ions which gove rn de-
cisions on incorpora t ing addi t ional a n d new 
sources of pro te in a n d non-prote in ni t rogen 
i n to the diet of b o t h categories of animal . 
The proceedings consist of t he r e p o r t of 
t h e symposium, seven main repor t s a n d seven 
addi t ional papers . 
The Sympos ium was a t t ended b y 56 ex-
pe r t s represent ing governments , r e s ea r ch in-
s t i tu tes and i n d u s t r y in the fol lowing count-
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r ies : Belgium; Czechoslovakia; D e n m a r k ; 
F i n l a n d ; F rance ; G e r m a n D e m o c r a t i c Re-
pub l ic ; German F e d e r a l Republic; H u n g a r y ; 
I t a l y ; Nether lands ; Po land ; Sweden; Switzer-
l a n d ; United K i n g d o m ; United S t a t e s of 
Amer ica ; and t h e U n i o n of Soviet Socialist 
Republics . 
The p r o g r a m m e and the r e p o r t s of the 
Sympos ium cons i s ted of the following topics : 
Views on t he r e q u i r e m e n t s of d a i r y ca t t le 
f o r protein, e ssen t ia l amino acids a n d non-
p r o t e i n nitrogen, a n d new sources of these 
n u t r i e n t s suitable f o r use in the feed ing of dairy 
c a t t l e . R a p p o r t e u r s : Prof . N. A. S h m a n e n k o v , 
Di rec tor of t he АН-Union Resea rch Ins t i -
t u t e of Phys io logy and B iochemis t ry of 
A n i m a l H u s b a n d r y , Borovsk, U S S R . 
Mr . S. T a m m i n g a , Research I n s t i t u t e of 
A n i m a l Feeding a n d Nutr i t ion , H o o r n , Lelys-
t a d , Nether lands, a n d Dr. K. K. v a n Helle-
m o n d , Ins t i tu te of Invest igat ion of Bioche-
mica l Products , Wagen ingen , N e t h e r l a n d s . 
Economic a n d o t h e r considerat ions gov-
e r n i n g decisions o n t he advisab i l i ty of in-
corpora t ing a d d i t i o n a l and new sources of 
p r o t e i n and n o n - p r o t e i n nitrogen i n t o t h e diet 
of da i ry cattle. R a p p o r t e u r s : Dr. P . D . Möller 
a n d Prof. A. Ne imann-Sörensen , Na t iona l 
I n s t i t u t e of A n i m a l Science, D e p a r t m e n t of 
Ca t t l e Expe r imen t s , Copenhagen, D e n m a r k . 
Views on t he r e q u i r e m e n t s of beef ca t t l e 
( including f a t t e n i n g ca t t l e ) for p ro t e in , essen-
t i a l amino acids a n d non-protein n i t rogen , 
a n d new sources of protein , these n u t r i e n t s 
su i t ab le for use in t h e feeding of beef ca t t le 
( including f a t t e n i n g cattle). R a p p o r t e u r s : 
P r o f . S. Poppe, D i r e c t o r of the D e p a r t m e n t 
of Animal P r o d u c t i o n , and Mr. M. Gabe l , 
Un ive r s i ty of R o s t o c k , German D e m o c r a t i c 
Republ ic , Mr. J o u r n e t , Research Di rec to r , 
a n d Mr. Y. Geay , Research Centre I N R A , 
Doma ine de The ix , B e a u m o n t , F r a n c e . 
Economic a n d o t h e r considerations govern-
i n g decisions on t h e advisabi l i ty of incorpor -
a t i n g additional a n d new sources of p ro te in 
a n d non-protein n i t r o g e n into the d i e t of beef 
c a t t l e (including f a t t e n i n g catt le). R a p p o r -
t e u r s : Prof. W. K a u f m a n n , Ins t i t u t e of Da i ry 
P roduc t ion , F e d e r a l Dai ry Research Centre , 
Kie l . Federal R e p u b l i c of G e r m a n y , and 
Dr. S. Szentmihályi , Research Ins t i tu te for 
An ima l H u s b a n d r y , Hercegha lom, H u n g a r y . 
I n a d d i t o n to these , t h e following p a p e r s 
were s u b m i t t e d : 
P r o t e i n s t andards a n d nitrogen sources 
( n a t u r a l pro te in versus non-prote in n i t rogen) 
for y o u n g fa t t en ing bul ls . 
P r e p a r a t i o n of f a t t y - ac id / ca rbamide ad-
duc t s a n d appl icat ion of t he produc t fo r 
f a t t e n i n g ruminan t s . 
P r o t e i n r equ i r emen t s a n d non-prote in 
n i t r ogen — s u p p l e m e n t a t i o n in f a t t e n i n g 
bulls. 
E x p e r i e n c e with t he use of synthet ic non-
p ro t e in n i t rogen — c o m p o u n d s in ca t t l e 
n u t r i t i o n in Czechoslovakia. 
T h e use of non-pro te in ni t rogen — sources 
in r a t i o n s for intensive beef product ion. 
T h e use of non-pro te in ni trogen in ca t t l e 
diets. 
M i n i m u m protein r equ i r emen t s for milk-
ing cows. 
T h e i m p o r t a n t new f ea tu r e s brought ou t 
in t he p a p e r s presented a n d in the discussion 
were t h e following: 
D a i r y ca t t le : S u b s t i t u t i n g non-pro te in 
n i t rogen ( N P N ) for p l a n t prote in in r a t i ons 
for d a i r y cows is possible u n d e r certain con-
di t ions , of which t he level of p roduc t ion 
seems to be among the m o s t impor tan t . T h e 
special p rob lems of p rov id ing op t imum pro-
tein a n d energy for high-yielding dairy cows 
in t h e f i r s t one to t w o m o n t h s of l ac t a t ion 
seem l ike ly to leave l i t t l e oppor tun i ty fo r 
e f fec t ive ut i l izat ion of a d d e d N P N for such 
cows. I n view of these diff icul t ies the use of 
p r o t e c t e d proteins p romises to be an im-
p o r t a n t means of i m p r o v i n g the s i tua t ion . 
Technological processes should be fu r the r de-
veloped. 
Beef a n d fa t ten ing c a t t l e : Recent research 
in va r ious countries ind ica tes t h a t the p ro te in 
r e q u i r e m e n t s of beef a n d f a t t e n i n g cat t le are 
lower t h a n was a s sumed in the pas t , if 
a p p r o p r i a t e energy sources are fed. The in-
clusion of N P N in r a t i ons for beef and f a t -
ten ing c a t t l e appears to be more promising 
t han fo r da i ry catt le. The poten t ia l of several 
new N P N sources was discussed. 
B . J U H Á S Z 
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Within the framework of the bilateral agreement between the Hun-
garian Academy of Sciences and the Royal Swedish Academy of 
Sciences, a joint workshop was organised in Hungary on June 
5—9th 1978 with the title „Agricultural potentiality directed by 
nutritional needs". 
The workshop was mainly concerned with the problem of how 
to double the quantity of food available for human nutrition and how 
to improve its quality by the year 2000. 
The Hungarian Academy of Sciences invited 2 or 3 specialits 
from each of the European socialist countries'(Bulgaria,'Czecho-
slovakia, German Democratic Republic, Jugoslavia, Poland, Romania, 
Soviet Union) to participate at the workshop, including jat least 
one specialist in the field of food production and one in the field 
of human nutrition. 
The Royal Swedish Academy of Sciences invited 2 or 3 speci-
alists in the same fields from each of the Nordic countries (Denmark, 
Finland, Iceland, Norway). 
Representatives were also present from UNESCO, FAO, WHO-, 
ICSU and the UN University. 
The organising committee, made up of Swedish and Hungarian 
specialists, proposed the following subjects for discussion at the 
workshop: 
1) Human nutritional needs with special reference to balance 
between protein, carbohydrates, fat and vitamins at different levels 
of food supply. 
2) Malnutrition, a problem of undernourishment but also of 
overnourishment. 
3) Genetic potentials for improvements of crop yield and 
nutritional quality. 
4) Possibilities for improvements of animal production under 
consideration of human nutritional needs. 
A full report on the workshop, including papers, contributions 
and discussion, will be published in English as a supplement to the 
1978 issue of our journal. 
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IMPROVING TETRAPLOID MONOGERM SUGAR BEET 
POPULATIONS AND THEIR HYBRIDS FOR SEED 
CHARACTERS, ROOT YIELD AND TECHNICAL VALUE 
I . S E L E C T I O N F O R D I F F E R E N T S E E D B E A R E R B I O T Y P E S 
B y 
M . A . F A R A G , L . MAGASSY 
RESEARCH INSTITUTE FOR SUGAR BEET, SOPRONHORPACS 
E i g h t seed b e a r e r b io types were se lected f r o m t h e t e t r a p l o i d m o n o g e r m popu la -
t i o n as follows: I . E a r l y f lower ing p ine t ree , I I . Mid-season p ine t ree , I I I . L a t e f lower -
i n g p ine t ree , IV. E a r l y f lower ing b u s h , V. Mid-season b u s h , V I . La t e f l o w e r i n g b u s h , 
V I I . Semi -vege ta t ive p ine t ree , V I I I . Semi -vege t a t i ve b u s h . T h e seed p r o p e r t i e s , r oo t 
y ie ld a n d technica l va lue of t h e b i o t y p e s were i nves t i ga t ed . T h e t e t r ap lo id m o n o g e r m 
b i o t y p e s were crossed w i t h t h e d ip lo id m u l t i g e r m po l l ina tor a n d t h e h y b r i d s w e r e also 
t e s t e d for seed c h a r a c t e r s , roo t y i e ld a n d technica l va lue . T h e mid-season b i o t y p e s had 
t h e h ighes t seed p r o d u c t i o n c o m p a r e d w i t h t h e ear ly and l a t e f lower ing b i o t y p e s . The 
b u s h b io types g a v e h igher seed y ie lds t h a n t h e pine t r ee b i o t y p e s in e v e r y s t a g e of 
f lower ing . S ign i f i can t d i f ferences cou ld be iden t i f i ed in t h e seed proper t ies , r o o t yield 
a n d technica l va lue of t h e d i f f e r e n t b i o t y p e s . T h e g e r m i n a t i o n , f r u i t we igh t , f r u i t size, 
r o o t yield, sugar c o n t e n t a n d e x t r a c t a b l e sugar p r o d u c t i o n inc reased s i gn i f i c an t l y in 
t h e ea r ly f lower ing b io types , wh i l e t h e m o n o g e r m i t y dec rea sed g radua l ly i n mid-
season a n d ear ly f l o w e r i n g b i o t y p e s . A s t r o n g re la t ionsh ip w a s obse rved in seed charac -
t e r s , r oo t yield a n d technica l v a l u e b e t w e e n t h e p a r e n t s a n d h y b r i d s of t h e b i o t y p e s . 
T h e e f fec t of f l o w e r i n g t imes (ea r ly , m id - sea son and la te) w a s h igher t h a n t h e i n f l u e n c e 
of t h e seed s ta lk f o r m a t i o n (p ine t r e e a n d bush) . T h e h i g h e s t t r ip loid p e r c e n t a g e was 
f o u n d in the h y b r i d s of mid - season b i o t y p e s a n d i t decreased i n hybr ids of e a r l y and 
l a t e f lower ing b i o t y p e s . T h e r e s u l t s show clear ly t h a t t h e se lec t ion for d i f f e r e n t seed 
b e a r e r b io types h a s a n apprec iab le e f f ec t in t h e t e t r ap lo id m o n o g e r m p o p u l a t i o n . T h e 
s e p a r a t i o n of t h e d i f f e r e n t b i o t y p e s acco rd ing to f lower ing t i m e s involves s o m e separa -
t i o n of t h e d i f f e r e n t geno types . 
In t roduc t ion 
Po lyp lo idy is of great i m p o r t a n c e for sugar bee t breeding. T r ip lo idy 
a p p a r e n t l y represents t h e o p t i m u m level of polyploidy because t r ip lo ids have 
larger roo t s and also more sugar yield per un i t area t h a n diploids. Tr ip lo id 
sugar bee t hybr ids a re developed e i ther b y crossing cy top lasmica l ly male-
sterile diploids wi th t e t r ap lo id lines or b y crossing a t e t r ap lo id seed p a r e n t 
wi th a diploid. Tr iploid offspr ing such as these combine t h e advan t ages of bo th 
hybr id v igour and polyploid v igou r (MAGASSY 1 9 6 0 , M A S U T A N I — N A K A J I M A 
1 9 7 0 ) . 
T h e monogerm charac te r (one f lower and only one germ for each f ru i t ) 
should p rove to be a grea t a d v a n c e in sugar beet b reed ing and p r o d u c t i o n 
( S A V I T S K Y 1950, 1952). Mul t igerm bee t ( two or more f lowers or possible germs 
for each f lower c luster) needed cons iderable labour for t h i n n i n g t h e excessive 
2* Acta Agronomica Academiae Scientiarum Hungaricae 29, 1980 
248 M. A . F A R A G and L. MAGASSY 
n u m b e r of seedl ings . The deve lopmen t of m o n o g e r m commerc ia l var iet ies will 
p e r m i t the a c c u r a t e spacing of sugar beet seeds by mechan ica l e q u i p m e n t 
p rov id ing an o p p o r t u n i t y fo r t h e growers t o decrease t h e a m o u n t of l a b o u r 
n e e d e d for t h i n n i n g . In the p roduc t ion of hyb r id s , t he monoge rm line m a y 
b e used only as t h e seed-producing paren t . T h e pol l inator m a y be ei ther mu l t i -
g e r m diploid o r te t rap lo id d e p e n d i n g on t h e t y p e of hybr ids . 
At p resen t var ious t y p e s of monogerm hybr ids are p roduced as fol lows 
( M A G A S S Y 1 9 7 5 ) : 1 . Diploid h y b r i d s . Diploid male-steri le monogerm X diploid 
mul t ige rm fe r t i l e . 2. Triploid hyb r id s . Diploid male-steri le monogerm X t e t r a -
p lo id mul t igerm fert i le . 3 . T e t r a - t r i hybr ids . Te t rap lo id m o n o g e r m fert i le X di-
p lo id mul t igerm fert i le . 
In recent yea r s , there h a v e been r epo r t s on various aspec ts of the pos-
s ibi l i ty of p r o d u c i n g triploid h y b r i d s by using t h e te t rap lo id male-steri le mono-
g e r m as the seed-producing p a r e n t ( L A H O U S S E 1 9 7 6 , B O S E M A R K 1 9 7 7 ) . 
The t e t r a p l o i d monogerm ferti le popu la t i ons are used on a commercia l 
sca le in H u n g a r y as the seed p a r e n t for t h e p roduc t ion of B E T A poli M/102 
a n d BETA Monopol i N. 1. va r i e t i e s ( t e t r a - t r i hybrids) b y crossing w i th a 
diploid mu l t i ge rm fertile. T h e hybr id iza t ion is no t comple te on a t e t r ap lo id 
monogerm fe r t i l e paren t b u t t h e propor t ion of tr iploid seeds is higher t h a n 
no rma l ly expec t ed because t h e pollen of t h e diploid grows f a s t e r in t e t r ap lo id 
s ty l e s than does t h e pollen of t h e te t rap lo id . Several p rev ious resul ts showed 
t h e advantages of triploids g r o w n on te t rap lo id p lan t s over t r ip loids p roduced 
o n diploids ( S Z O T A 1 9 7 1 , F I T Z G E R A L D 1 9 7 5 ) . 
Polyploidizat ion in beet causes morphological and physiological changes 
compared w i th t h e diploid. Genera l ly , the t e t r ap lo id bee ts h a v e larger cells, 
l eaves , flowers a n d seeds or o t h e r plant p a r t s t h a n their diploid c o u n t e r p a r t s 
a n d for this r e a s o n are in te res t ing and usefu l , despi te the i r lower fer t i l i ty and 
general ly slower r a t e of deve lopmen t . Te t r ap lo id beets h a v e reduced fe r t i l i ty 
a n d produce f e w e r seeds t h a n do the cor responding diploids (ABEGG 1940, 
R A S M U S S O N — L E V A N 1 9 3 9 , E R N O U L D 1 9 4 6 , H O S O K A W A et al. 1 9 5 2 , S E D L -
M A Y R 1 9 5 5 , S P E C K M A N N — K L O E N 1 9 5 6 , B E V S E L 1 9 5 7 , M A G A S S Y 1 9 6 2 B ) . 
Reduced f e r t i l i t y is an u n f a v o u r a b l e e f fec t of polyploidy. The t e t r ap lo id 
seed has a lower germinat ion r a t e than t h e diploid ( F E L T Z 1953, B A R T L et 
al. 1957, C s A P O D Y 1961a, J A S S E M 1961, M A G A S S Y 1961, 1962a). I n compar i son 
w i t h the cor responding diploids , te t raplo ids were la ter m a t u r i n g and h a d 
a longer f lower ing period ( A B E G G et al. 1946, Z A G R E K A V A — S E M Y A R Y K H I N A 
1969). On the o t h e r hand, t h e we igh t of 1000 clusters was la rger in the t e t r a -
p lo id than in t h e diploid c o u n t e r p a r t ( C S A P O D Y 1961a, M A G A S S Y 1961). 
Since t h e polyploid va r i e t i e s are c o m m o n l y used, it was ve ry i m p o r t a n t 
t o s tudy the possibili t ies of improv ing t he i r seed charac te rs , especially f o r 
monogerm va r i e t i e s , which also show reduced fer t i l i ty . In m o d e r n agr icu l ture , 
h i g h quality seed is of ines t imable value. 
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The monocarp ic po lyp lo id popula t ions are of less v a l u e compared t o 
mul t igerm popula t ions as r ega rds the vege t a t i ve and r ep roduc t ive c h a r a c t e r s : 
germina t ion , seed u n i f o r m i t y , t ime of m a t u r i t y , f lower ing period and t h e 
appearance of var ious undes i rab le b io types (CSAPODY 1961b, 1970, 1972, 
R Ö S T E L 1966, 1972c, B U C K S 1970, S H I V Y R E V A 1973). 
I n t h e i m p r o v e m e n t of t h e monoge rm polyploid s u g a r beet va r i e t i e s 
t h e s t u d y of t h e seed bea re r b io types p lays an i m p o r t a n t role. The b r eed in g 
and selection procedure on t h e basis of b io types of seed p l a n t s has n o t y e t 
been e labora ted , so it is n o t widely k n o w n . 
In t h e monogerm popu la t i ons m a n y b io types of t h e m o t h e r beets were 
found to d i f fer in morphologica l and physiological p roper t i e s (size of f r u i t , 
f lowering t ime , m a t u r a t i o n , ge rmina t ion , degree of m o n o g e r m i t y , v i t a l i ty a n d 
init ial r a t e of growth) . Select ion for good morphological charac te r s and h igh 
germina t ion was of i m p o r t a n c e in improv ing seed qua l i ty a n d the p r o d u c t i o n 
of root and sugar ( K O T U K O V 1958, M A N Z E L E J 1958, N E G O V S K Y - — T K A C H E N K O 
1 9 5 9 , B E R E Z K O 1 9 6 2 , B U C K S 1 9 7 0 , C S A P O D Y 1 9 7 0 , B A L A N — M U D R I K 1 9 7 2 , 
R Ö S T E L 1972a, 1972b, E F R E M O V — B A U M 1973, S H I V Y R E V A 1973, A B U G A L I E V — 
N A B O K I K H 1975, B A M B U R A et al. 1975). 
R Ö S T E L ( 1 9 7 5 ) r e p o r t e d t h a t selection for high ge rmina t ion capac i ty in 
the 4x a n d 2x pa ren t s led to no i m p r o v e m e n t , b u t ind i rec t selection f o r 
early and un i fo rm m a t u r i t y of t h e seed p l a n t s , for round f r u i t s , for closely set 
f ru i t s and fo r good seed p l a n t type , was more effect ive. BOLELOVA ( 1 9 6 8 ) 
repor ted t h a t cytological t e s t i n g and t h e re jec t ion of p l a n t s with a b n o r m a l 
mitosis e l iminates undes i rab le b io types . 
The ear ly m a t u r i n g b io types have t h e highest seed produc ing c a p a c i t y , 
1 0 0 0 f r u i t weight and ge rmina t i on ( E F R E M O V — O R L O V S K Y 1 9 6 5 , A R K H A N G E L -
S K Y — A L - G A Z A L 1 9 7 1 , A R K H A N G E L S K Y — B U K A 1 9 7 2 , K O Z L O V S K Y — Z A B R O D -
SKAYA 1 9 7 2 , R Ö S T E L 1 9 7 2 B , Z A B R O D S K A Y A — G R I B 1 9 7 6 ) . I n the m o n o g e r m 
te t rap lo id t h e group of mid-season seed p l a n t s was the m o s t numerous (50%) 
giving t h e h ighes t yield of seeds with t h e greates t 1000 f r u i t weight (GAEV-
SKAYA 1 9 7 2 ) . 
Considerable d i f ferences in root and sugar yield were observed b e t w e e n 
the progenies of d i f fe rent b io types of monoge rm beets . Most of the r e su l t s 
showed t h e h igh yielding c a p a c i t y and sugar p roduc t ion of t h e early b i o t y p e s 
( K O T U K O V 1 9 5 8 , U S T I M E N K O 1 9 6 3 , E F R E M O V — O R L O V S K Y 1 9 6 5 , K O Z L O V S K Y — 
Z A B R O D S K A Y A 1972, R Ö S T E L 1972b). On t h e other h a n d N E G O V S K Y — T K A -
CHENKO (1959) found t h a t t h e mid-season b io types had h ighe r root and suga r 
yield t h a n t h e early and l a t e m a t u r i n g b io types . 
The monogerm c h a r a c t e r is p roduced b y one recessive basic gene in 
homozygous m m condi t ion . Some o ther genes m a y m o d i f y t h e m a n i f e s t a t i o n 
of the gene m causing t h e appearence of a few double-germ f ru i t s on t h e mo-
nogerm p l a n t s ( S A V I T S K Y 1 9 5 2 ) . K N A P P ( 1 9 6 7 ) observed t h a t monoca rpy was 
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recessive a n d governed b y a single gene in the Amer ican , and by more t h a n 
one gene in t h e Russian a n d German ma te r i a l . 
The her i tab i l i ty of we igh t of f r u i t s and germs in di f ferent m o n o g e r m 
popula t ions appears to be low, bu t select ion is effect ive for increased weight 
of monogerm fru i t s because of the he te rogene i ty of t h e genes control l ing t h e 
weight of f r u i t s ( S A V I T S K Y — S A V I T S K Y 1 9 6 5 ) . S E D L M A Y R ( 1 9 6 2 ) f ound t h a t 
speed of germina t ion is h igh ly her i table a n d t ha t it is control led ma in ly b y 
the m a t e r n a l pa r t s of t h e seed. Dominance had no s ignif icance in inhe r i t ance . 
The b ige rm forms ex i s t ing in popu la t i ons of monoge rm sugar bee t are 
heterozygous for monogermi ty . The b igerm charac ter is a f fec ted by modi f i e r s 
( L O B O D I N 1 9 7 2 ) . The presence of undes i rab le bigerm seed balls increases t h e 
germinat ion r a t e and v i t a l i t y of the seeds a n d also increases the root yield of 
t h e f i rs t y e a r of growth (KOLOMIEC 1 9 6 6 , R Ö S T E L 1 9 7 2 H ) . To improve t h e 
monogerm suga r beet va r i e t i e s , all t he mul t igerm t y p e s in the m o n o g e r m 
popula t ions m u s t be r e m o v e d (BORDONOS 1 9 6 5 , L O B O D I N 1 9 7 3 ) . 
This s t u d y includes a comparison be tween d i f fe ren t breeding m e t h o d s 
and seed t r e a t m e n t s to i m p r o v e the seed qual i ty and sugar p roduc t ion of 
monogerm te t rap lo id popu la t i ons and h y b r i d s . 
Materials and Methods 
In t h e s e a s o n of 1974 e i g h t seed bea re r b i o t y p e s were selected f r o m t h e t e t r a p l o i d m o n o -
g e r m p o p u l a t i o n M. 914, which is t h e seed p a r e n t of t h e commerc ia l v a r i e t y B E T A poli M/102 , 
a s follows: 
A ) " P i n e t r e e " b io type , c h a r a c t e r i z e d b y d e v e l o p i n g one seed s t a l k on t h e m o t h e r b e e t 
(Fig. 1). F r o m th is b i o t y p e , se lec t ion was c a r r i e d o u t th ree t i m e s du r ing t he f l o w e r i n g 
process ( e a r l y , mid-season a n d l a t e ) . 
I. E a r l y f l o w e r i n g pine t r e e ( a t t h e ve ry b e g i n n i n g of f lower ing) . 
I I . M i d - s e a s o n pine tree ( a b o u t t h e midd le of f lower ing) . 
I I I . L a t e f l o w e r i n g pine t r e e ( a t t h e end of f l o w e r i n g ) . 
B ) " B u s h " b i o t y p e , cha rac t e r i zed b y deve lop ing a g r o u p of seed s t a l k s on t he m o t h e r b e e t 
(Fig. 2). F r o m th i s b io type , t h e s a m e select ion w a s m a d e as in t h e p i n e t r e e b i o t y p e a c c o r d -
ing to t h e f l o w e r i n g t ime. 
IV. E a r l y f l o w e r i n g bush. 
V. Mid - sea son bush. 
VI . L a t e f l o w e r i n g bush. 
C ) " S e m i - v e g e t a t i v e " b io type . T h e r e p r o d u c t i v e g r o w t h of th is b i o t y p e is v e r y poo r a n d t h e 
f lower ing t i m e is very l a te . T h i s b io type h a s n o economic v a l u e s ince the l a t e b l o o m i n g 
f lowers r a r e l y p roduce m a t u r e seeds capab le of g e r m i n a t i n g . T w o t y p e s of t h e v e g e t a t i v e 
b io type w e r e selected for t h e g r o w t h h a b i t of s eed s ta lks : 
VI I . S e m i - v e g e t a t i v e pine t r e e (F ig . 3). 
V I I I . Se in i -vege t a t i ve b u s h ( F i g . 4). 
I n 1975, seeds of the d i f f e r e n t b io types ( I — V I I I ) were i n v e s t i g a t e d for seed y i e l d , 
g e rmina t i on , 1000 f r u i t weight , m o n o g e r m i t y a n d seed grading a c c o r d i n g t o t he d i a m e t e r s 
of t he f ru i t s . 
In 1975, b i o t y p e s I — V I w e r e i nves t i ga t ed f o r r o o t yield a n d t e c h n i c a l va lue in a r a n -
domized c o m p l e t e block wi th six rep l ica t ions . B e c a u s e of t he ve ry l o w seed yield a n d v i t a l i t y 
of t he s e m i - v e g e t a t i v e b io types , V I I a n d V I I I w e r e n o t inc luded in t h i s e x p e r i m e n t . 
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Fig. 1. Pine t ree b io type Fig. 2. Bush bio type 
I n 1976, the t e t rap lo id monogerm b io types I — V I were crossed with the diploid multi-
ge rm B E T A E . I I I , which is the pol l inator for the produc t ion of the commercial v a r i e t y BETA 
poli M/102. Hybr id seeds produced on te t rap lo id monogerm b io types I—VI were t e s t ed for: 
ge rmina t ion , 1000 f r u i t weight , monoge rmi ty , f r e q u e n c y of d i f fe ren t seed sizes a n d f r equency 
of t r ip loids and t e t r ap lo ids in the d i f fe ren t seed sizes. 
I n 1977, hybr id seeds produced on te t rap lo id monogerm bio types I—VI were tested 
fo r roo t yield and technica l value in th ree locat ions (Sopronhorpács , Mar t fű and Mezőhegyes). 
The exper imenta l design was a r andomized comple te block wi th six replications. I n t he field 
t r ia l s every plot inc luded three rows, each row was 10 meters long, and the d i s t ance was 
45 c m between rows a n d 20 cm be tween p lants . 
Fo r the cytological analyses (count ing of chromosomes) , 1000 seeds were w r a p p e d in 
mois t f i l ter paper a n d ge rmina ted a t 25°C for each t r e a t m e n t . T h e root tips were f ixed in 
Carnoy and stained w i t h aceto-carmine. 
For the de t e rmina t ion of the d i f f e ren t seed sizes, the hyb r id seeds were g r a d e d by slot 
hole screens for d i f f e ren t diameters . The l abo ra to ry tes ts for t he seed qual i ty (germinat ion , 
1000 f r u i t weight, monoge rmi ty ) were carr ied ou t in f ive repl icat ions. In 1975, the ex t rac tab le 
sugar product ion was calculated as follows: 
. , , po lar iza t ion — (1.61 ash -f- 2.35) 
roo t yield • 
100 
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Fig. 3. Semi-vegeta t ive pine t r e e biotype 
whi le in 1977 it was e q u a l to: 
corrected sugar c o n t e n t 
root yield 
100 
c o r r e c t e d sugar c o n t e n t = polarization — [0.343 • (K + N a ) -f- 0.094 • a m i n o - N + 0.29] 
Results 
Seed characters of tetraploid monogerm biotypes. Grea t s igni f icant dif-
f e r e n c e s were obse rved among t h e various b io types for t h e seed proper t ies 
( T a b l e 1). Consider ing the b io types according t o t h e f lower ing t ime, t h e mid-
s e a s o n biotypes (p ine tree and h u s h ) had the h ighes t seed p roduc t ion . On t h e 
o t h e r hand , the b u s h biotypes u s u a l l y had h igher seed yield t h a n pine t ree bio-
t y p e s for each s t a g e of the f lower ing t ime. The seed yield of t h e ve ry la te semi-
v e g e t a t i v e b io types was very low. 
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Fig. 4. Semi-vegeta t ive bush b io type 
T h e weight of 1000 f ru i t s (g) increased for early f lower ing b i o t y p e s and 
decreased for the l a te f lower ing b io types . The pine t ree b io types showed higher 
1000 f r u i t weight t h a n t h e bush b io types for each f lower ing t ime. T h e ve ry 
la te semi-vegeta t ive b io types had h igher 1000 f r u i t weight t h a n t h e late 
f lower ing pine tree and b u s h b io types . This was due t o t h e low seed p r o d u c t i v -
i t y of t h e semi-vegeta t ive b io types . The germinat ion pe rcen tage inc reased for 
early f lower ing b io types and decreased gradual ly fo r mid-season a n d la te 
f lower ing biotypes . The germina t ion of t h e semi-vege ta t ive biotypes w a s very 
poor . Sl ight differences were found be tween the pine t r e e and bush b io types 
in t h e same f lowering t ime . 
A complete m o n o g e r m i t y (100%) was observed in the late f lower ing 
pine t r ee , bush and semi-vegeta t ive b io types . The monoge rmi ty g radua l ly 
decreased for the mid-season and ear ly f lower ing b io ty p es . Very s l ight differ-
ences were observed if a t all, be tween p ine tree a n d b u s h b io types wi th in 
the s a m e f lowering s t age . 
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All the b i o t y p e s have g r e a t var ia t ion in t he i r f ru i t d i a m e t e r , especially 
f r u i t s of the e a r l y biotypes. T h e f lowering t i m e (early, mid-season and la te ) 
h a s more i n f luence on the f r u i t size than t h e seed stalk f o r m a t i o n (pine t r ee 
a n d bush) w i t h i n the same f lower ing t ime . I n general, a h igh percentage 
of large f rui t size could be f o u n d in the ear ly f lowering b i o t y p e s , while a lot 
of smal l f rui ts w e r e found in t h e l a te b io types . Large f ru i t s (wi th a d i a m e t e r 
of m o r e than 5 m m ) could be f o u n d only in t h e ea r ly f lower ing a n d mid-season 
b i o t y p e s , while sma l l f rui ts ( w i t h a d iameter of 2.0—2.5 m m ) were observed 
in all the d i f f e r en t bio types. 
Root yield and technical value of the tetraploid monogerm biotypes. T h e 
r e s u l t s for y ie ld of beets ( T a b l e 3) showed a progressive i m p r o v e m e n t in 
r o o t yield due t o selection f o r t h e f lowering t i m e . The roo t yields of ea r ly 
f lower ing and mid-season b i o t y p e s were s ign i f ican t ly h igher t h a n the y ie lds 
o b t a i n e d on t h e l a t e biotypes. T h e r e were no s ign i f ican t d i f ferences in the yield 
of p ine tree a n d bush b io types wi th in the s a m e flowering t i m e . Compar ing 
t h e root yield of different b i o t y p e s with t h e original t e t r a p l o i d monogerm 
popu l a t i on (M.914), it was o b s e r v e d tha t t h e r o o t yield of M.914 was s imi lar 
t o t h e yield of mid-season b i o t y p e s , as a r e s u l t of the f ac t t h a t the h ighes t 
n u m b e r of seed bea re r s was f o u n d in the mid-season biotypes in t h e popu la t ion 
M.914 . 
The ear ly f lowering a n d mid-season b io types gave t h e highest s u g a r 
c o n t e n t . The l a t e f lowering b i o t y p e s produced a signif icant r educ t ion in suga r 
c o n t e n t . The conduc tomet r i c a s h percentage increased for t h e la te f lower ing 
b io type s . 
The e x t r a c t a b l e sugar p r o d u c t i o n of t h e ea r ly f lower ing a n d mid-season 
b i o t y p e s was s igni f icant ly h i g h e r t h a n the s u g a r product ion of la te f lower ing 
b io types . No s igni f icant d i f fe rences could be ident i f ied a m o n g the b io types 
w i t h i n the s a m e t i m e of f l ower ing . 
Seed characters of hybrids produced on the progeny of the different tetra-
ploid monogerm biotypes by crossing with the diploid multigerm pollinator 
In Table 4 s ignif icant d i f fe rences among t h e hybrids of t h e different bio-
t y p e s differing in flowering t i m e can be seen. T h e f lowering t i m e of the bio-
t y p e s has a h i g h e r influence o n seed proper t ies t h a n the seed s t a lk fo rma t ion . 
The ear ly f lowering b i o t y p e s gave t h e h ighes t 1000 f r u i t weight. T h e 
v a l u e of this c h a r a c t e r decreased gradually f o r mid-season a n d la te f lower ing 
b io types , t h o u g h the resul ts showed s ign i f i can t differences for 1000 f r u i t 
w e i g h t between hybr ids p r o d u c e d on the p r o g e n y of pine t r e e and bush bio-
t y p e s which f l o w e r e d at the s a m e t ime. These differences c a n be considered 
t o be very s l igh t in compar ison wi th the b i o t y p e s of the d i f f e ren t f lower ing 
t i m e s . 
Comparing these results w i t h the we igh t of 1000 f r u i t s of the p a r e n t s 
( T a b l e 1), a v e r y s trong r e l a t ionsh ip could b e observed b e t w e e n the p a r e n t s 
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Table 1 
Seed yield, weight of 1000 fruits, germination and monogermity of the tetraploid monogerm biotypes 
Biotypes 
Seed y ie ld . Weight of 
1000 fruits, g 
Germinat ion Monogermity 
g % 
I . E a r l y flowering pine t ree 128.6 23.10 84.6 89.2 
I I . Mid-season pine t r ee 159.8 20.75 78.2 95.4 
I I I . L a t e flowering pine t ree 79.2 17.69 66.4 100.0 
IV. E a r l y flowering b u s h 180.4 21.99 86.0 90.8 
V. Mid-season bush 234.0 19.42 79.8 95.6 
VI . L a t e flowering b u s h 127.2 17.03 67.6 100.0 
V I I . Semi-vegetat ive p ine t ree 20.2 19.70 31.0 100.0 
V I I I . Semi-vegetat ive b u s h 26.4 19.47 30.2 100.0 
LSD 5 % ± 8.49 0.35 1.80 1.0 
and t h e hyb r id s in th is respect . D i f fe rences in ge rmina t ion were s i gn i f i c an t 
for t h e f lower ing t imes, h u t not for t h e seed stalk f o r m a t i o n (pine t r e e and 
bush) w i th in t h e same f lower ing period. T h e highest ge rmina t ion was o b t a i n e d 
on the hyb r id s of early f lowering b i o t y p e s and the germina t ion p e r c e n t a g e 
decreased gradua l ly in t h e mid-season a n d in the l a t e f lowering b i o t y p e s . 
A similar t endency was observed for t h e germinat ion in the pa ren t s of the 
hybr ids (Table 1). 
The ear ly f lower ing biotypes p r o d u c e d the lowest monogermi ty a n d this 
increased gradua l ly in h y b r i d s of the mid-season and l a t e flowering b i o t y p e s . 
The resul ts indicated t h a t the m o n o g e r m i t y decreased in all the h y b r i d s of 
d i f fe rent b io types in compar i son wi th t h e parents . 
Tab le 5 showed la rge differences in f r u i t size a m o n g the hybr ids of the 
d i f fe rent b io types as r ega rds the f lower ing t ime, while s l igh t differences could 
be f o u n d a m o n g the h y b r i d s of b io types differing in t h e seed stalk f o r m a t i o n 
(pine t ree and bush) w i t h i n the same f lower ing t ime . A high p e r c e n t a g e of 
large f r u i t sizes was observed in h y b r i d s of early f lower ing biotypes a n d this 
great ly decreased in t h e hybr ids of t h e l a t e biotypes. 
Smal l f ru i t s (d i amete r 2.0—2.5 m m ) were found in all the h y b r i d s of the 
d i f fe rent b io types . A re la t ive ly h igher un i fo rmi ty of f r u i t size was p r o d u c e d 
in t h e h y b r i d s of the l a t e f lowering b i o t y p e s t han in t h e h y b r id s of ea r ly f lower-
ing and mid-season b io types . This m a y h a v e been due t o t h e shorter f l ower ing 
and m a t u r i t y period of t h e late f l ower ing biotypes. 
A s t r o n g re la t ionship was f o u n d in t h e fruit sizes between t h e p a r e n t s 
and hyb r id s of the b io types (Tables 2 a n d 5). 
The percentage of t r iploids inc reased in the h y b r i d s of mid-season bio-
types and gradual ly decreased in t h e h y b r i d s of the l a t e flowering a n d early 
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Table 2 
Fruit size distribution by diameter for tetraploid monogerm biotypes 
B i o t y p e s 
2.0—2.5 2.5—3.0 3.0—3.5 3 .5—4.0 4.0—5.0 5 
mm, % 
I . Early flowering pine tree 3 5 12 19 53 8 
I I . Mid-season p i n e t ree 4 12 20 34 28 2 
I I I . Late flowering p ine tree 5 14 56 24 1 
— 
IV . Early flowering bush 3 9 13 27 42 6 
V. Mid-season b u s h 4 13 27 32 22 2 
V I . Late flowering b u s h 6 17 64 13 
- — 
Mean 4.00 11.50 32.50 24.67 24.33 3.00 
Table 3 
Root yield and technical value of tetraploid monogerm biotypes 
Loca t ion : Sopronhorpács, 1975 
Biotypes 
Root yield Sugar con ten t 
Conductometric 
ash con ten t 
Extrac table 
sugar p roduc t ion 
t/ha r e l . % % r e l . % % r e l . % t/ba r e l . % 
I . Early flowering 
pine tree 45.52 101.99 14.68 100.34 0.525 100.38 5.222 102.17 
I I . Mid-season p i n e 
t ree 44.67 100.09 14.63 100.00 0.533 101.91 5.104 99.86 
I I I . Late flowering 
pine tree 42.21 94.58 14.22 97 .20 0.542 103.63 4.644 90.86 
IV. Ear ly flowering 
bush 45.36 101.64 14.55 99.45 0.533 101.91 5.148 100.72 
V. Mid-season b u s h 44.84 100.47 14.70 100.48 0.527 100.76 5.156 100.88 
V I . La te flowering 
bush 42.66 95.50 14.33 97 .95 0.545 104.21 4.733 92.60 
M.914. 44.63 100.00 14.63 100.00 0.523 100.00 5.111 100.00 
LSD 5 % ± 1.92 4.30 0.29 1.98 0.022 4 .21 0.253 4.95 
Table 4 
Seed characteristics of hybrids produced on the progeny of tetraploid monogerm biotypes 
H y b r i d s produced on t h e p r o g e n y 
of different b io types 
W e i g h t of 
1000 fruits, 
g 
Germination Monogermi ty 
I . E a r l y flowering p ine t r e e 22.99 83.6 84.6 
I I . Mid-season pine t r ee 20.30 82.4 93.2 
I I I . L a t e flowering pine t r e e 16.55 77.8 96.8 
IV. E a r l y flowering b u s h 22.39 83.8 85.7 
V. Mid-season bush 19.68 82.6 94.1 
VI. L a t e flowering b u s h 15.71 77.2 97.6 
L S D 5 % ± 0 .48 1.29 0.66 
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Table 5 
Percentages of triploids (3x) and tetraploids (4x) in different fruit sizes of hybrids produced on the progeny of tetraploid monogerm biotypes 
Hybr id s p roduced ou t h e p rogeny 
of d i f ferent b io types 
2.0—2.5 2.5—3.0 3.0—3.5 3.5—4.0 4 .0—5.0 5 
T o t a l 
m m 
3x 4x 3x 4x 3x 4x 3x 4x 3x 4x 3x 4 x 3x 4x 
I. Early flowering pine tree 5 5 2 12 2 14 2 35 15 2 6 73 27 
I I . Mid-season pine tree 3 2 7 3 20 — 46 1 13 3 — 2 89 11 
I I I . Late flowering pine tree 2 5 7 10 50 7 15 2 1 1 — — 75 25 
IV. Early flowering bush 4 1 5 1 11 1 21 2 30 15 2 7 73 27 
V. Mid-season bush 4 2 10 3 18 — 45 — 13 2 1 2 91 9 
VI. Late flowering bush 2 6 9 11 52 5 13 — — 2 — — 76 24 
Mean 33.3 2.67 7.17 5.0 27.17 2.5 25.67 1.17 15.33 6.33 0.83 2.83 79.5 20.5 
Table 6 
Root yield and technical value of hybrids produced on the progeny of tetraploid monogerm biotypes 
Location: Sopronhorpács, 1977 
Hybr ide produced on t h e progeny 
R o o t yield Sugar con ten t Po ta s s ium Sodium Amino-ni t rogen Corrected 
sugar c o n t e n t 
E x t r a c t a b l e 
sugar p roduc t ion 
of d i f ferent b io types 
t / h a r e l .% % r e l .% 
meq/100 
g beet r eL% 
meq/100 
g beet r e l .% 
meq/100 
g beet re l .% % r e l .% t / h a r e l .% 
I. Early flowering pine 
tree 
I I . Mid-season pine tree 
I I I . Late flowering pine 
tree 
IV. Early flowering bush 
V. Mid-season bush 
VI. Late flowering bush 
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f lowering b io types . Most of t h e large f r u i t s of early f l o w e r i n g biotypes were 
te t raplo ids . Triploids dec reased in the s m a l l frui t d i a m e t e r s (2.0—2.5 and 
2.5—3.0 m m ) of the late f l o w e r i n g biotypes while t e t rap lo ids great ly inc reased . 
W i t h regard t o the hybr ids of mid-season b io types , t e t r a p l o i d s were o b t a i n e d 
t o a p p r o x i m a t e l y the same e x t e n t in each of the small a n d large f ru i t sizes. 
The f lowering periods only h a v e an in f luence on the hyb r id i za t i on (percen tage 
of triploids). 
Root yield and technical value of the hybrids produced on the progeny of the 
different tetraploid monogerm biotypes by crossing with the diploid multigerm pol-
linator. S ign i f i can t differences were observed in the root y i e ld and e x t r a c t a b l e 
sugar p r o d u c t i o n of the h y b r i d s of d i f f e ren t biotypes in all three loca t ions 
(Sopronhorpács , Martfű a n d Mezőhegyes) (Tables 6, 7 a n d 8). 
Hybr id s of the early f lower ing b io types gave the h i g h e s t root yield a n d 
ex t rac tab le s u g a r p roduc t ion and these decreased g r a d u a l l y in the h y b r i d s 
of mid-season and late f l o w e r i n g b io types . No s ignif icant differences could 
b e found b e t w e e n the h y b r i d s of pine t r ee a n d bush b i o t y p e s which f l o w e r e d 
a t the same t i m e . 
The r e su l t s showed no s ignif icant d i f ferences among t h e hybrids of t h e 
d i f fe rent b i o t y p e s in sugar c o n t e n t , though t h e sugar c o n t e n t sl ightly decreased 
in the hybr ids of the late f lower ing b io types compared w i t h the o thers . N o 
clear dif ferences were obse rved for K, Na a n d amino-n i t rogen content a m o n g 
t h e different hybr ids . 
The y ie ld and technical v a l u e of the h y b r i d s of mid - season biotypes w e r e 
s imilar to t h e commercial v a r i e t y BETA pol i M/102 (cont ro l ) . The mid-season 
b io types were t h e most n u m e r o u s in the p o p u l a t i o n and w e r e considered t o be 
t h e average of t h e popula t ion . Therefore a s imi la r i ty in roo t y ie ld and t echn ica l 
v a l u e was e x p e c t e d for the h y b r i d s of the mid-season b i o t y p e s and the c o n t r o l . 
Discussion 
The a d v a n t a g e s of p o l y p l o i d y in sugar bee t depend o n a higher a c c u m u -
la t ion of t h e genes de t e rmin ing the yield a n d on a h igher degree of h e t e r o -
zygosi ty . S u g a r beet is n a t u r a l l y cross fe r t i l i zed and in n a t u r a l l y occur r ing 
popula t ions ind iv idua l p l an t s a r e highly heterozygous . T e t r a p l o i d m o n o g e r m 
popula t ions h a v e advantages f o r practical breeding. A h igh degree of gene t i c 
he te rogene i ty could also be f o u n d in t e t r a p l o i d monogerm s u g a r beet p o p u l a -
t i ons . 
In m o n o g e r m popu la t ions different seed bearer b i o t y p e s were f o u n d , 
especially in t h e te t raploids . Undesirable morphological b io types were a lso 
observed in t h e monogerm popu la t i on . The te t raploids were l a t e in m a t u r i t y 
a n d had a longe r flowering pe r iod than t h e diploids. B e c a u s e of the g r e a t 
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Table 7 
Root yield and technical value of hybrids produced on the progeny of tetraploid monogerm biotypes 
Location: Martfű , 1977 
H y b r i d s p roduced on t h e p rogeny 
R o o t yield Sugar con ten t Po ta s s ium Sod ium Amino-n i t rogen Corrected 
sugar con ten t 
E x t r a c t a b l e 
sugar p roduc t ion 
of d i f ferent b io types 
t / h a r e L % % r e l .% 
meq/100 
g beet r e l .% 
meq/100 
g beet r e l .% 
meq/100 
g bee t r e l .% % r e l .% t / h a r e l .% 
I. Early flowering pine 
tree 
I I . Mid-season pine tree 
I I I . Late flowering pine tree 
IV. Early flowering bush 
V. Mid-season bush 
VI . Late flowering bush 



































































































LSD 5 % ± 2.36 5.64 0.38 2.24 0.53 7.25 1.24 32.63 0.87 15.26 0.72 5.83 0.390 7.54 
Table 8 
Root yield and technical value of hybrids produced on the progeny of tetraploid monogerm biotypes 
Location: Mezőhegyes, 1977 
Hybr id s p roduced on t h e progeny 
R o o t yield Sugar con ten t Po ta s s ium Sod ium Amino-n i t rogen Corrected 
sugar con ten t 
E x t r a c t a b l e 
sugar p roduc t ion 
of d i f ferent b io types 
t / h a r e l .% % re l .% 
meq/100 
g bee t r e l .% 
meq/100 
g beet r e l .% 
meq/100 
g beet r e l .% % r e l .% t / h a r e l .% 
I . Early flowering pine 
tree 
I I . Mid-season pine tree 
I I I . Late flowering pine tree 
IV. Early flowering bush 
V. Mid-season bush 
VI. Late flowering bush 
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differences in flowering t i m e for d i f fe rent biotypes in a monogerm p o p u l a t i o n , 
m a n y resu l t s have been o b t a i n e d for t h e e f fec t of f lower ing t ime on seed qua l i t y 
( R Ö S T E L 1 9 7 2 A , S H I V Y R E V A 1 9 7 3 , B A M B U R A et al. 1 9 7 5 ) . 
I t w a s found t h a t t h e ra te of semi-vege ta t ive biotypes some t imes 
reached 2 5 — 3 0 % in po lyp lo id monogerm popula t ions ( C S A P O D Y 1 9 7 0 ) . The 
appearance of semi-vegeta t ive biotypes decreases t h e y ie ld and seed q u a l i t y 
to a great e x t e n t in m o n o g e r m t e t r ap lo id popula t ions , because these p l a n t s 
produce v e r y few seeds a n d these are of poor qual i ty. 
The b io types which w e r e selected f r o m the m o n o g e r m te t raplo id p o p u l a -
t ion showed grea t d i f ferences in yield a n d seed cha rac te r s . The s t u d y of seed 
bearer b i o t y p e s plays a n i m p o r t a n t ro le in the i m p r o v e m e n t of m o n o g e r m 
varieties. 
Our r e su l t s also s h o w e d s ignif icant differences in seed charac te rs , roo t 
yield and technica l va lue of t h e b io types . The weight of 1000 frui ts , ge rmina -
t ion, f r u i t size, root y ie ld , sugar c o n t e n t and e x t r a c t a b l e sugar p r o d u c t i o n 
increased s ignif icant ly f o r t h e early f lower ing b io type , while m o n o g e r m i t y 
decreased in t h e early f l ower ing b io types a n d increased s ignif icant ly in seeds 
of the l a t e b io type . S imi la r results were observed b y R Ö S T E L (1972h), K o z -
L O V S K Y — Z A B R O D S K A Y A (1972), A R K H A N G E L S K Y — В и к А (1972), G A E V S K A Y A 
(1972) and Z A B R O D S K A Y A — G H I B (1976). 
The resu l t s show t h a t selection for d i f fe rent seed b e a r e r b iotypes is v e r y 
effective in t h e te t raploid monogerm p o p u l a t i o n M.914. T h e " b u s h " seed s ta lk 
format ion g a v e higher seed yield than t h e " p i n e t r e e " f o r m a t i o n , b u t t h e seed 
characters of these b i o t y p e s were s imi lar in each f l o w e r i n g t ime. I t c a n be 
concluded t h a t the effect of f lowering t i m e s (early, mid-season and l a t e ) was 
greater t h a n t h e inf luence of the seed s t a l k format ion (pine tree a n d bush ) . 
A v e r y s t rong re la t ion was observed w i t h respect t o seed charac te rs , yield 
and techn ica l value b e t w e e n the pa ren t s a n d hybrids of t h e biotypes. 
The proper t i es of t h e hybr id seed p roduced on t h e p rogeny of t h e d i f fer -
ent b io types showed a s t r o n g relat ion w i t h t h e parents . T h e results for 1000 f r u i t 
weight in t h e parents a n d hybr ids showed t h a t the e a r l y biotypes w h i c h h a d 
large f ru i t s also produced l a rge f rui ts in t h e hybrids of t h e i r progeny. On t h e 
other h a n d , t h e late b io types which h a d smal l fruits also produced smal l f r u i t s 
in their h y b r i d s . Similar r e su l t s were observed by D O X T A T O R — H E L M E R I C K 
(1962) in d ip lo id monogerm mater ia l . 
S ign i f i can t differences were found in t h e ge rmina t ion , especially f o r t h e 
f lowering t i m e s . The t e n d e n c y of this p r o p e r t y was s imi la r for the p a r e n t s and 
their hyb r id s . Breeding s h o u l d aim to i m p r o v e the ge rmina t i on of t h e t e t r a -
ploid m o n o g e r m s by se lec t ing early f l ower ing biotypes. 
A s t r o n g re la t ionship could be f o u n d in m o n o g e r m i t y b e t w e e n t h e 
paren ts a n d the i r hybr ids . T h e results ind ica ted t h a t w i t h o u t select ion fo r 
monogermi ty , t h e pe r cen t age of mu l t i ge rm seeds inc reased in the progenies. . 
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A grea t Variat ion and la rge differences were observed in f ru i t d i a m e t e r s 
of biotypes a n d the i r hyb r ids too . A s t r o n g relat ion could be de te rmined in 
f r u i t sizes b e t w e e n the p a r e n t s and their h y b r i d s . 
The h ighes t triploid pe rcen tage was f o u n d in the h y b r i d s of mid - season 
b io types and i t decreased in t h e hybrids of ea r ly and la te f lower ing b i o t y p e s . 
On the o ther h a n d , the t e t r ap lo ids greatly increased in t h e la rge f rui ts of e a r l y 
f lowering and in t h e small f r u i t diameters of t h e late f lower ing biotypes. T h e s e 
resul ts ind ica te t h a t the p r o g e n y of the mid-season biotypes f lowered a p p r o x i -
m a t e l y a t t h e s a m e t ime as t h e diploid m u l t i g e r m pol l ina tor . The p rogeny of 
t h e early b io types began to f l ower earlier t h a n t h e diploid m u l t i g e r m po l l ina to r . 
A t the end of t h e f lowering season there w a s n o haploid po l l en for the h y b r i d -
izat ion of t h e l a t e f lowering b io types because t h e diploid mu l t ige rm po l l i na to r 
h a d a shor te r f lowering per iod t h a n t h e t e t r ap lo id m o n o g e r m par tne r . O u r 
resul ts agreed w i t h the opin ion of F Ü R S T E ( 1 9 5 8 ) , S C H N E I D E R ( 1 9 6 0 ) a n d 
SEDLMAYR ( 1 9 6 1 ) . They ind ica t e t ha t the f r e q u e n c y of t r ip lo ids is at a m a x i -
m u m in the m e d i u m sized seed-balls and decreases in the l a rges t and sma l l e s t 
seed-balls. 
The ea r ly f lowering b i o t y p e s gave t h e h ighes t root y ie ld and e x t r a c t a b l e 
sugar p roduc t ion . The yield a n d technical v a l u e of mid-season biotypes w e r e 
similar to t h e commercia l con t ro l var ie ty B E T A poli M / 1 0 2 . There were s igni f -
i can t dif ferences in the sugar content a m o n g t h e biotypes b u t the d i f fe rences 
were not s ign i f i can t in the i r hybr ids . 
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A STUDY OF SOME PHENOPHASES IN PLUMS 
By 
D . S u R A N Y I 
FRUIT RESEARCH STATION, CEGLÉD 
The vegeta t ive and generat ive phenophases of 91 p lum varieties were observed 
between 1964 and 1970. Leaf -bud opening, the end of shoot growth, the colouring and 
falling of the leaves, the beginning of flowering, the date of f lower-bud format ion, the 
colouring of the f ru i t and the beginning of f ru i t r ipening are characterist ic of the variety. 
The phenophases do not begin a t the same t ime every year ; the ex ten t of f luctuat ion 
indicates the climatic sensi t ivi ty of the phenophase. I n the case of early leaf-bud 
opening and f lowering the vegeta t ion is generally p ro t rac ted , while wi th la te vegetation 
the dynamics of the phenophases is very fas t . In p lum varieties leaf-bud opening 
usually precedes f lowering; the only exceptions are Bódi P lum, Gelbe Aprikosen-
pf laume and Red Nectarine. The beginning of leaf-bud opening and shoot growth and 
their intensi ty have a great inf luence on the date of f lower-bud format ion . From leaf-
bud opening to the end of shoot growth some 90 days pass. A u t u m n colouring sets 
in about 80—100 days a f te r the growth of the shoots has s topped, then 8—10 days 
later the leaves begin to fall. In some varieties the vegeta t ion s ta r t s early and ends 
late (e.g. hungar ica plums), while in other varieties early vegetat ion involves an early 
falling of leaves. There are also considerable differences between the fert i l ization groups. 
Leaf-bud opening takes place earliest and shoot growth ends very early in the practi-
cally self-sterile and self-sterile varieties. These two groups include mainly greengages, 
egg-plums, date-plums, and some spillings, domestica p lums and mirabella varieties. 
The colouring and ripening of the f ru i t also s ta r t earlier in these groups t h a n in the self-
fertile and pa r t ly self-fertile p lum varieties. The different ia t ion of the flower-buds is 
latest of all in the self-sterile varieties. The phenophases are in very close correlation 
with one another . Flower-bud format ion depends pr imari ly on the date of leaf-bud 
opening and shoot growth terminat ion. No correlation between the date of f ru i t ripen-
ing and the dif ferent ia t ion of f lower-buds could be demonst ra ted . The periodicity of 
plum varieties depends great ly on the date of f lowering, so in Hungary preference 
should he given in plum product ion to varieties which blossom late. 
In t roduct ion 
The onset of m a j o r phenophases in p lum var ie t ies has only been analysed 
in a re la t ively smal l n u m b e r of papers . The only except ion is f lowering. The 
pa r t i cu la r in teres t shown b y researchers in t h e f lower ing phenophase is easy 
t o u n d e r s t a n d , as some 2 m o n t h s pass f rom the f lower ing t ime of ear ly blossom-
ing p lum var ie t ies (P. cerasifera, P. salicina) till t h a t of la te blossoming vari-
e t ies ; t he danger of f ros t and t h e likelihood of pol l ina t ion depend largely on the 
f lower ing t ime of t h e v a r i e t y (in absolute and re la t ive te rms) . 
The geographical s i tua t ion ( la t i tude , a l t i tude) and cl imatic fac tors m a y 
increase the differences be tween t h e variet ies . Fo r example , t h e f lowering da t e 
of f ru i t species is 5 days earl ier wi th every degree of l a t i t ude towards the 
e q u a t o r , and 6 days earlier in t h e case of t h e p l u m v a r i e t y Wildgoose (GARD-
NER et al. 1952). 
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H O R N ( 1 9 3 6 ) gives the f lower ing t ime for a n u m b e r of p lum variet ies , 
hu t i t is not clear whe the r his r e su l t s are based on his own observa t ions or 
on d a t a t a k e n f r o m o ther au tho r s . K E Ö P E C Z Y - N A G Y ( 1 9 4 3 ) gave t h e da t e of 
f lower ing in p lums for nearly 70 y e a r s ; these d a t a agree in essence wi th more 
recen t observa t ions (TÓTH 1 9 5 7 ) . K O B E L ( 1 9 5 4 ) also gives an analysis of f lower-
ing fo r a n u m b e r of variet ies , t h o u g h most of t h e m are of less impor t ance in 
H u n g a r y . BROZIK ( 1 9 6 0 ) descr ibed t h e ma jo r phenophases , including t h e 
f lower ing period, of t h e most i m p o r t a n t hungar ica p lum var ie t ies . 
I t is in teres t ing to note t h a t l ea f -bud opening, t h e a u t u m n colouring and 
fa l l ing of the leaves and the beg inn ing of f ru i t colouring and r ipening are deal t 
wi th in fa r fewer pape r s (TÓTH 1 9 5 7 , BRÓZIK 1 9 6 0 , VONDRÁÖEK 1 9 7 5 ) . I t a l i an 
researchers have recent ly pub l i shed a detai led s t u d y on t h e pomological 
e v a l u a t i o n of p lum var ie t ies , b u t even th is only discusses the da tes of f lowering 
and f r u i t r ipening (NICOTRA et al. 1 9 7 9 ) . 
Some of the a u t h o r s app roach t h e phenophase problems of p lum var ie t ies 
f r o m a basically bo tan ica l point of v iew ( H E R R E R O 1 9 5 1 , V O N D R Á C E K 1 9 7 5 ) . 
A t t e n t i o n was called to the i m p o r t a n c e of correlat ional effects by T Ó T H ( 1 9 5 7 ) , 
V O N D R Á C E K ( 1 9 7 5 ) a n d SURÁNYI ( 1 9 8 0 ) . 
S U R Á N Y I ( 1 9 8 0 ) evaluates obse rva t ions m a d e on 3 8 var ie t ies be tween 
1963 a n d 1970, since taxonoinic w o r k is also ve ry useful in examin ing t h e 
va r i e t i e s f rom an economic po in t of view. I t has been found t h a t leaf-hud 
open ing , the beginning of f lower ing, t h e end of shoot g rowth , the beginning 
of a u t u m n colouring and the fa l l ing of leaves, and the beginning of f ru i t colour-
ing a n d r ipening show close cor re la t ions , in spi te of the va r i ab i l i ty of the 
meteorological fac tors . 
T h e present p a p e r describes t h e vege ta t ive and genera t ive phenophases 
for 91 var ie t ies , which is not on ly useful in classifying t h e his tor ical p lum 
var ie t i e s , bu t also m a k e s it possible t o give a un i fo rm eva lua t ion of the large 
Cegléd plum va r i e ty collection. E x t e n s i v e work is needed before the orchard 
is d isposed of, because a n u m b e r of va luable var ie t ies , whose impor t ance in 
b reed ing cannot be neglected, could be saved. 
Mater ial and Method 
I n 1954—56 n e a r l y 200 p lum v a r i e t i e s g ra f t ed to M y r o b a l a n seedl ings were p l a n t e d 
a t Cegléd; t h e p resen t p a p e r conta ins t h e ave rage p h e n o p h a s e d a t a of 5 t rees . T h e o rcha rd 
is s i t u a t e d on f l a t l and w i t h good q u a l i t y c h e r n o z e m soil a t a he igh t of 98 m a b o v e sea level, 
a t a l a t i t u d e of 47°50 ' n o r t h and a l o n g i t u d e of 19°42' eas t . 
T h e following p h e n o p h a s e s were o b s e r v e d f r o m year to y e a r : t h e beg inn ing of l ea f -bud 
o p e n i n g , t h e end of shoot g r o w t h , the b e g i n n i n g of a u t u m n colour ing a n d t h e beg inn ing of leaf 
absc iss ion . In add i t ion , con t inuous r eco rds were k e p t of t h e beg inn ing of f lower ing , t h e end 
of f l ower ing , the beg inn ing of peta l s h e d d i n g ( d a t a on t h e l a t t e r two p h e n o p h a s e s are n o t 
i n c l u d e d in this paper ) , t h e beginning of f r u i t colouring and t h e beg inn ing of f r u i t r ipening . 
B e t w e e n 1969 and 1971 t h e beginning of f l o w e r - b u d d i f f e ren t i a t i on was also s tud i ed . 
S ince a large n u m b e r of var iet ies w e r e invo lved , the microscope e x a m i n a t i o n s h a d to be 
s impl i f i ed to some e x t e n t . F ive buds p e r s p u r were t a k e n f r o m t h e s o u t h e r n b r a n c h of each 
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t r ee for each va r ie ty and f ixed in 7 0 % alcohol. T h e f i r s t samples were t aken on 1st J u n e , 
sampl ing was cont inued every 10—12 d a y s unt i l 10 th September . 
The buds were examined using E l s m a n ' s dissection method u n d e r a s tereomicroscope 
w i t h 100 X enlargement . Phase IV of t h e stages of b u d deve lopment descr ibed by ELEK (1966) 
was regarded as the beginning of f l ower -bud fo rma t ion . A t this s tage t h e flower organs are 
a l ready d i f fe ren t ia ted , so this phase is easy to de t e rmine in the case of a large n u m b e r of 
samples . The beginning of f lower -bud d i f ferent ia t ion precedes th is s t age of deve lopmen t 
b y abou t 2—3 weeks. 
Between 1964 and 1970 a s ta t i s t ica l eva lua t ion of the onset of 8 phenophases was 
m a d e , and be tween 1969 and 1971 an analysis of t he beginning of f lower -bud f o r m a t i o n . 
T h e annua l va r i e ty averages represen ted the indiv idual replications. E a c h phenophase w a s 
expressed as the n u m b e r of days f r o m the f i rs t day of the year. 
23 self-fertile, 15 pa r t ly self-ferti le, 20 pract ica l ly self-sterile a n d 33 self-sterile p l u m 
variet ies were included in the s t u d y , according to t h e classification g iven by TÓTH (1967). 
T h e var iance analysis of the 8 phenophases was carr ied ou t for each g r o u p separately, t h e n 
t he basic d a t a for t he individual g roups was ob ta ined f r o m the va r i e t a l averages. 
The year dependence of t he vege t a t i ve and genera t ive phenophases was also s t u d i e d ; 
t h e years were compared in an analys is wi th 91 repl icat ions. 
Final ly , for the purpose of corre la t ion calculat ions, the ave rage va lues of the p h e n o -
phases were compared in all possible combinat ions . Since the beginning of f lower-bud d i f fe r -
en t i a t ion was only observed for th ree years , the d e p e n d e n t variable was also included for o n l y 
t h r ee years (1969—1971) in t he corre la t ion calculation. W h e n the a v e r a g e was calculated t h e 
1971 d a t a series of t he 8 phenophases was also inc luded, b u t this d a t a series is not p r e s e n t e d 
in Tables 1—4. The BBI-va lues of t he variet ies were only included in t h e s t u d y for the p u r p o s e 
of corre la t ion calculat ions; t he w a y in which they were de termined was described in an ear l ier 
p a p e r (SURÁNYI 1980). The pe rcen tage BBI-va lue is obta ined f r o m t h e difference in y ie ld 
pe r t ree be tween two successive years divided b y t he jo in t yield for t h e same years. 
Results 
1. Vegetative phenophases 
a) Leaf-bud opening. Only in th ree of t h e p lum var ie t i e s examined does 
leaf -bud opening t a k e place a f t e r f lower opening (Bódi P l u m , Gelbe Apr ikosen-
p f l a u m e and Red Nec ta r ine) ; in all t he o the r p lum var ie t ies f lower opening is 
a lways preceded b y leaf -bud opening . The f l u c t u a t i o n over a n average of s even 
years is 14.5 days . 
Leaf -bud opening is ear ly (85—90 days , x = 87.8) in 28 variet ies, m e d i u m 
ear ly (91—95 days , x = 92.8) in 55 and l a t e (96—106 d a y s , 5 = 99.6) in 
8 var ie t ies . The burs t ing of t h e vege ta t ive b u d s of t h e p l u m variet ies occurs 
be tween t h e 85 th and t h e 100th day , t h a t is, be tween 2 6 t h March and 1 0 t h 
Apri l . The ex t r eme values are 75 and 110 days . 
The period f rom leaf -bud opening (in 3 variet ies) or f lower ing (in 88 va r i -
eties) to t h e end of leaf abscission in the vege t a t i on period is 228 days, in m e d i u m 
var ie t ies 225 days , and in l a t e var ie t ies 222 days . 
I t is also w o r t h examin ing t h e beginning of the v e g e t a t i o n period of t h e 
t rees as a func t i on of t h e yea r . According t o our observa t ions leaf-bud open ing 
t a k e s place be tween t h e 85th a n d the 99 th day , and t h e f l u c t u a t i o n is m u c h 
grea te r t h a n can be d e m o n s t r a t e d on t h e basis of f lower ing (Tables 1 a n d 2). 
b) End of shoot growth. T h e shoot g rowth of p lum var ie t i e s takes s o m e 
90 days . The d a t a p resen ted he re refer to t h e f i r s t g rowth per iod , bu t as t h e r e 
is generally no f u r t h e r g rowth in p lums, t h e end of t h e f i r s t growth pe r iod 
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Agen 1 90 181 274 284 
Angoulème 90 186 272 278 
Anna S p ä t h 97 188 263 276 • 
Besztercei Muskotály 94 189 276 282 
Besztercei Szilva 95 185 283 289 
Blau Her renpf l aume 92 184 267 281 
Bódi Szilva 102 180 269 281 
Borsumer 92 186 271 281 
Bunter Perdr igon 93 180 267 277 
Bühler Frühzwetsche 92 190 262 282 
Gelbe Mirabelle 92 179 273 280 
Gustave Egger 85 187 273 281 
I tal ian P r u n e 90 187 272 283 
Kaiser v o n Milan 95 183 271 282 
Korai Zöld 87 178 268 277 
Königin v o n Bosnia 90 186 271 283 
Letri cour t 93 184 273 282 
Liegel 90 190 275 280 
Ontario 93 182 263 280 
Prince of Wales 86 185 272 282 
Septembrische Mirabelle 93 185 272 279 
Vörös Szilva 94 186 268 278 
Wangenhe im 94 183 270 181 
F-value 1.89* 28.65*** 2.84*** 2.18** 
LSD 5 % 5.07 2.77 6.69 5.31 
Partly self-fertile 
Ageni 2 92 186 274 282 
Belle de Louva in 93 178 272 282 
Beregi D a t o l y a 92 187 273 284 
Ber ta W a s c h m a n n 92 190 271 283 
Early F a v o u r i t e 95 188 267 276 
E m m a Leppe rmann 91 179 270 277 
Engleber t 81 189 266 281 
Gömöri N y a k a s 95 178 269 283 
Grand Sugar 91 184 269 280 
Haf fner 100 186 270 280 
Nancymirabel le 93 189 272 283 
Procuceur 94 187 266 279 
Red E g g p l u m 86 182 262 284 
Violette Königin 85 184 273 283 
Violette Reneklode 87 182 271 282 
F-value 3.65*** 3.64*** 4.96*** 2.71** 
LSD 5 % 4.84 6.11 5.13 4.18 
Practically self-sterile 
Althann 92 181 271 287 
Biondeck 87 178 268 277 
Bleu de Belgique 93 187 270 281 
Csúcsos Szilva 97 180 273 281 
Dark-blue Eggplum 91 185 274 284 
Frühe Königspf laume 92 185 269 279 
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Grand Duke 86 185 273 280 
Green Gage 94 186 266 284 
Imperial 87 187 272 282 
Jefferson 92 176 270 282 
P r ima te 88 163 269 279 
P rugna d ' l t a l i a 92 186 275 283 
R u t h Gerste t ter 89 185 269 282 
Sainte Catherine 92 181 272 280 
Sasbacher Fr i ihzwetsche 89 185 262 278 
Szigeti Zöld 94 188 272 290 
Violette Diapré 94 181 268 279 
Violette Perdr igon 94 187 269 281 
Weisse Königin 94 168 273 284 
Wilma Späth 88 181 269 278 
F-value 109.88*** 6.13*** 3.60** 26.76*** 
LSD 5 % 6.18 7.25 4.53 4.95 
Self-sterile 
Angeline B u r d e t t 88 185 270 278 
Brassai 93 184 271 282 
Catalan 98 189 274 282 
Cochet 89 180 274 284 
Columbia 93 187 271 281 
Daniel 89 189 268 282 
D iaman t 93 175 271 284 
Gelbe Apr ikosenpf laume 103 183 272 282 
Gelbe Hartwiss 91 182 275 289 
Gelbe Her renpf l aume 91 177 269 280 
Golden Sugar 92 179 273 280 
Gondini 92 186 266 281 
Jodoigne 93 189 270 277 
Kirke 's P lum 94 179 270 279 
Königin der Mirabelle 89 182 269 278 
Königsbacher Frühzwetsche 86 184 269 278 
La t e Muscate 92 187 268 276 
Marku ja 89 187 266 279 
McLaughlin 89 188 268 278 
Meroldts Reneklode 85 167 274 282 
Metzer Mirabelle 88 178 269 280 
Montfor t 92 179 262 281 
Pacif ic 94 185 273 280 
Pond ' s Seedling 93 184 278 285 
Prince Red 94 177 267 280 
Red Nectar ine 106 188 272 282 
Reine-Claude de N a n c y 93 189 269 281 
Spä ths Frühes te 94 179 272 280 
St. Ét ienne 94 178 272 279 
Tragedia 92 178 271 281 
Violette Je rusa lemspf laume 96 181 266 276 
Washington 92 182 272 280 
Yellow Eggp lum 86 180 268 281 
F-value 10.98*** 2.47* 3.57** 1.53 
L S D 5 % 6.17 8.91 4.59 5.96 
* P = 5 % ** p = 1 % *** P = 0 .1% 
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1964 99.0 194.2 269.9 280.8 
1965 86.3 183.3 268.2 279.1 
1966 85.3 183.8 268.9 278.7 
1967 90.7 179.8 270.3 279.0 
1968 89.9 180.7 268.9 275.3 
1969 93.2 179.1 268.7 277.2 
1970 90.4 181.1 269.6 278.1 
F-value 3.65** 3.64** 3.96** 2.71* 
LSD 5 % 4.80 6.11 5.13 4.18 
is also t h e end of shoot growth. The g rea tes t difference be tween the va r i e t i e s , 
which can be expressed in days , is shown in th is phenophase . Shoot g r o w t h 
is comple ted v e r y ear ly (in 163—175 days , x = 171.9) in 14 var ie t i es , a t 
a m e d i u m period (176—183 days , x = 180.8) in 26 var ie t ies , and l a t e ( a f t e r 
184—190 days , x = 186.6) in 51 var ie t ies . The ex t r eme values (143 and 
208 days) give a ca lendar period be tween 23rd May and 27 th J u l y . 
The shoot g rowth of p lum var ie t ies was comple ted t h e latest (194.2) in 
1964, and the earl iest (179.1) in 1969. If t h e da t e of t h e end of shoot g r o w t h 
is compared wi th l ea f -bud opening it is f o u n d t h a t a f t e r t h e f i rs t v e g e t a t i v e 
phenophase t h e p l u m t rees have still no t e l iminated t h e effects of me teo ro -
logical fac tors . Shoot growth is comple ted earlier or l a t e r depending on t h e 
da t e of leaf -bud open ing (Tables 1 and 2). 
c) Beginning of leaf colouring. T h e beginning of a u t u m n colour ing is of 
grea t i m p o r t a n c e for t h e p repa ra t i on for overwin te r ing . On average t h e g r a d u a l 
discolorat ion of t h e foliage leaves begins some 80—90 days a f t e r the comple t ion 
of shoot g rowth ; t h e f lower-bud p r imord ia are fo rmed in the same per iod . 
The discolorat ion of t h e leaves begins ear ly (a f te r 262—270 days, x = 267.5) 
in 45 p l u m var ie t ies , a t an average t i m e (271—276 days , x = 272.6) in 44, 
and la te (277—283 days , x = 280.5) in 2 var ie t ies . 
The t ime i n t e rva l calculated f r o m these var ie t ies is 3 weeks, b u t the 
absolute period increases to 45 days . On average , if t h e discolorat ion of t h e 
leaves begins on t h e 262nd to 283rd d a y , th i s means f r o m 19th S e p t e m b e r 
to 10th October . A compar i son of yea r averages only reveals very small d i f fer -
ences; t h e onset of leaf colouring depends leas t of all on c l imat ic fac tors . E v e n 
the beg inning of leaf abscission is more closely re la ted w i th changes in t h e 
wea the r t h a n t h e colouring of the leaves (Tables 1 and 2). 
d) Beginning of leaf abscission. T h e las t phenophase in the v e g e t a t i o n 
period is also specif ic t o the va r i e ty . A l t h o u g h on the basis of these va r i e t i e s 
the beg inning of leaf abscission has a na r row range , f r o m 3rd to 16th O c t o b e r , 
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1.e. f r o m the 276th t o t h e 289th d a y , the abso lu te f l uc tua t ion is m u c h g r e a t e r : 
f r o m 19th Sep tember t o 6th N o v e m b e r ; t h a t is, i t occurs b e t w e e n the 262nd 
a n d t h e 310th d a y . 
W i t h respect t o the b e g i n n i n g of leaf abscission t h r e e groups can b e 
f o r m e d . The leaves begin to f a l l early (276 th—280th d a y , x = 278.6) i n 
39 var ie t ies , at an average t ime (281s t—285th d a y , x = 282.2) in 48 var ie t ies , 
a n d l a t e (286 th—290th day, x = 288.7) in 4 p l u m var ie t ies . 
A minor y e a r l y f l uc tua t i on as to when leaf abscission began was ob -
s e r v e d : the trees s t a r t e d shedd ing their leaves earliest (275.3) in 1968 a n d 
l a t e s t (280.8) in 1964 (Tables 1 a n d 2). 
I n some var ie t i e s the v e g e t a t i v e phenophases begin e i t h e r much ear l ie r 
or m u c h later t h a n t h e average. T h e s e charac te r i s t ic ex t reme va lues are r ep re -
s e n t e d by the fo l lowing var ie t ies : 
L e a f - b u d opening 
earl iest : G u s t a v e Egger (85), Violette K ö n i g i n (85) Mero ld t s Renek lode 
(85) 
l a t e s t : R e d Nectar ine (106) , Gelbe A p r i k o s e n p f l a u m e (103), B ó d i 
P l u m (102), H a f f n e r (100). 
E n d of shoot g r o w t h 
earliest: P r i m a t e (163), M e r o l d t s Renek lode (167), Weisse Königin (168) 
l a t e s t : B ü h l e r F r ü h z w e t s c h e (190), Liegel (190), B e r t a W a s c h m a n n 
(190). 
Beg inn ing of leaf colouring 
earliest: B ü h l e r F r ü h z w e t s c h e (262), R e d Eggplum (262), Sasbache r 
F rühzwe t sche (262) , Mont for t (262) 
l a t e s t : Beszterce i P l u m (283), Pond ' s Seedling (278), Gelbe H a r t w i s s 
(275). 
Beg inn ing of leaf abscission 
earliest: A n n a Späth (276), E a r l y F a v o u r i t e (276), L a t e Muscate (276), 
V io le t t e J e ru sa l emsp f l aume (276) 
l a tes t : Sziget i zöld (290), Besztercei P l u m (289), Gelbe Har twiss (289). 
2. Generative phenophases 
a) Beginning of flowering. As was m e n t i o n e d above 3 p l u m var ie t ies , 
B ó d i P lum, Gelbe A p r i k o s e n p f l a u m e and R e d Nectar ine , b lossom before t h e i r 
l ea f -buds begin t o open. In t h e o the r var ie t i es f lowering begins on ave rage 
14.5 days a f t e r l ea f -bud opening . 
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At Cegléd the p l u m var ie t ies b e g a n to flower o n t h e 101s t—110th day 
of t h e year , t h a t is b e t w e e n 11th a n d 20tli Apri l ove r an ave rage of 7 
years . F lower ing took p lace early (101st—103rd d a y , x = 102.3) i n 23 vari-
e t ies , a t an average t ime (104 th—106th d a y , x = 104.7) in 49 var ie t i es , and 
la te (107th—110th day , x = 107.6) in 19 varieties. T h e r e are also ex t reme 
cases , so as m u c h as 25 d a y s m a y in f a c t pass f rom t h e beginning of f lower ing 
in t h e earliest blossoming v a r i e t y to t h a t in the la tes t one (95 th—120th day). 
The t i m e f rom t h e beginning of f lowering to t h e beginning of petal 
shedd ing is t h e f lowering per iod . The f lower ing period w a s found to be 13 days 
in early blossoming var ie t ies , 12.8 days in those f lower ing a t a m e d i u m t ime, 
and 11.5 days in la te b lossoming var ie t i es . 
The per iod of f r u i t deve lopment showed an in t e re s t ing t r e n d re la t ive 
t o t h e beginning of f lower ing . The t ime be tween f lower ing and f ru i t r ipening 
was the shor tes t (99.1 days) in the case of variet ies w h i c h blossom at a med ium 
t i m e , somewha t longer w i t h those f lower ing early (105.2 days) , and t h e longest 
fo r l a te blossoming var ie t ies (110.6 days ) . N o posit ive corre la t ion was ac tua l ly 
o b t a i n e d be tween the beg inn ing of f lower ing and the d a t e of f ru i t deve lopment . 
Be tween 1964 and 1970 t h e f lower ing period r a n g e d f r o m 100 to 109 days, 
t h a t is, t he effects of c l imat ic factors were largely concealed by v a r i e t y effects, 
b u t when t h e role of t h e meteorological f ac to r s is cons idered for each va r i e ty 
separa te ly i t can be clear ly d e m o n s t r a t e d (Tables 3 a n d 4). 
b) Beginning of flower differentiation. The da t a of f lower o rgan differ-
en t i a t i on in t h e buds of 91 var ie t ies was s tud ied b e t w e e n 1969 and 1971. This 
p h a s e was f o u n d to be pa r t i cu l a r ly su i t ab le for car ry ing ou t s tereomicroscope 
e x a m i n a t i o n s on a large n u m b e r of b u d s . 
The f lower organs become d i f f e ren t i a t ed be tween t h e 182nd a n d 246th 
d a y , t h a t is be tween 1st J u l y and 3rd Sep t ember ; t h e abso lu te in te rva l is still 
g rea te r : 171—256 days. T h e d i f fe ren t ia t ion of the f lower -buds s t a r t s early 
(182nd—200th day , x = 189.2) in 16 var ie t ies , a t a m e d i u m t ime (201st— 
220 th day , x = 213.2) in 35 variet ies , a n d la te (221s t—246th day, x = 232.0) 
in 40 var ie t ies . 
Abou t 100 days pass f r o m f lower ing to the beg inn ing of f lower -bud 
f o r m a t i o n , t h o u g h in some var ie t ies th i s period m a y b e as long as 130 days 
o r even more (Kaiser von Milan, Le t r i cour t , Ea r ly F a v o u r i t e , Gömöri n y a k a s , 
H a f f n e r , P rocuceur , Csúcsos szilva, Green Gage, Viole t te Perdr igon, Ca ta l an , 
Coche t , Paci f ic , Pond ' s Seedling, Pr ince R e d and Vio le t te J e rusa l empf l aume) . 
On t h e o ther h a n d , in some var ie t ies in t h e collection less t h a n 100 d a y s pass 
be tween f lower ing and t h e beginning of f lower-bud f o r m a t i o n (Bódi szilva, 
G u s t a v e Egger , Pr ince of Wales , Red Eggp lum, Vio le t t e Königin, Vio le t te 
Reneklode , Biondeck, G r a n d Duke , Impe r i a l , R u t h G e r s t e t t e r , Wi lma Spä th , 
Gelbe Apr ikosenpf laume , Königsbacher Fr i ihzwetsche, Meroldts Renek lode , 
Metzer Mirabelle and Yel low Eggplum) . 
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Table 3 





d i f ferent ia t ion fruit colouring fruit r ipening 
Self-fertile 
Agen 1 103 202 225 236 
Angoulème 105 209 206 213 
A n n a Spä th 104 215 220 236 
Besztercei Muskotály 108 223 214 228 
Besztercei Szilva 107 220 215 228 
B lau Her renpf laume 106 220 208 223 
Bódi Szilva 101 186 198 214 
Borsumer 107 233 216 229 
B u n t e r Perdrigon 106 207 208 215 
Bühler Fri ihzwetsche 106 208 209 227 
Gelbe Mirabelle 110 225 202 210 
Gus tave Egger 105 193 220 229 
I t a l i an Prune 106 211 217 229 
Ka i se r von Milan 107 246 227 238 
K o r a i Zöld 104 207 191 200 
Königin von Bosnia 107 230 221 236 
Let r icour t 108 241 227 237 
Liegel 102 205 197 201 
Ontar io 105 233 209 219 
Pr ince of Wales 104 189 209 219 
Septembrische Mirabelle 106 220 228 239 
Vörös Szilva 102 225 212 224 
Wangenheim 109 243 214 226 
F-va lue 2.23** 7.11*** 98.55*** 24.60*** 
L S D 5 % 4.00 5.03 9.25 7.07 
Partly self-fertile 
Agen 2 105 205 225 236 
Belle de Louvain 106 229 206 216 
Beregi Datolya 105 210 226 242 
Be r t a Waschmann 103 220 215 227 
E a r l y Favouri te 104 238 189 202 
E m m a Leppermann 105 217 192 200 
Engleber t 103 203 211 224 
Gömöri Nyakas 108 238 213 228 
Grand Sugar 105 214 209 222 
H a f f n e r 106 245 213 223 
Nancymirabel le 107 230 240 246 
Procuceur 104 239 214 224 
R e d Eggplum 103 182 200 209 
Violet te Königin 105 191 218 231 
Violet te Reneklode 106 187 215 227 
F-va lue 0.67 12.23*** 15.69*** 2.16* 
L S D 5 % 4.82 5.17 9.13 10.47 
Practically self-sterile 
A l t h a n n 105 214 214 224 
Biondeck 104 194 188 201 
Bleu de Belgique 103 221 217 225 
Csúcsos Szilva 107 240 230 237 
Dark-blue Eggp lum 106 219 214 226 
F r ü h e Königspf laume 105 224 192 199 
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dif ferent ia t ion finit colouring f ru i t ripening 
Grand Duke 102 189 218 232 
Green Gage 105 237 201 224 
Imperial 102 191 197 208 
Jefferson 104 227 217 230 
Pr ima te 107 210 227 239 
Prugna d ' l t a l i a 103 218 211 223 
R u t h Gerstet ter 102 184 184 193 
Sainte Catherine 105 219 216 230 
Sasbacher Fr i ihzwetsche 102 215 185 195 
Szigeti Zöld 105 227 210 222 
Violette Diapré 107 230 195 204 
Violette Perdr igon 105 239 214 224 
Weisse Königin 106 225 227 233 
Wilma Späth 101 196 193 208 
F-value 1.62* 19.28*** 16.24*** 33.78*** 
LSD 5 % 4.06 5.36 10.08 7.56 
Self-sterile 
Angelina B u r d e t t 102 216 208 220 
Brassai 107 224 225 239 
Catalan 108 240 210 220 
Cochet 104 236 218 222 
Columbia 104 229 204 221 
Daniel 102 216 195 211 
D iaman t 105 222 223 228 
Gelbe Apr ikosenpf laume 101 190 221 231 
Gelbe Har twiss 105 212 212 223 
Gelbe Her renpf l aume 107 217 204 211 
Golden Sugar 110 220 219 230 
Gondini 106 219 226 236 
Jodoigne 105 232 224 237 
Kirke 's P lum 106 226 207 217 
Königin der Mirabelle 103 204 204 215 
Königsbacher Fr i ihzwetsche 102 188 198 206 
La te Muscate 104 225 220 236 
Marku ja 103 207 205 213 
McLaughlin 103 208 210 220 
Meroldts Reneklode 101 184 212 223 
Metzer Mirabelle 103 196 223 227 
Montfor t 104 229 201 210 
Pacific 105 236 206 216 
Pond ' s Seedling 105 234 221 233 
Prince Red 104 240 207 217 
Red Nectar ine 105 214 195 201 
Reine-Claude de N a n c y 104 227 204 214 
Späths Frühes te 105 230 188 198 
St. Et ienne 107 225 208 222 
Tragedia 105 217 196 204 
Violette Je rusa lemspf laume 106 239 191 201 
Washington 108 221 205 213 
Yellow Eggplum 103 187 221 233 
F-value 1.85 + 19.20*** 10.47*** 23.98*** 
LSD 5 % 4.04 5.88 9.15 9.00 
+ p = 1 0 % ** p = 1 % *** p = 0 . 1 % 
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Table 4 
Generative phenophases of plums 
Beginning of 
Y e a r 
flowering 
flower 
differentiation fruit colouring fruit ripening 
1 9 6 4 1 0 7 . 4 2 1 1 . 5 2 2 2 . 7 
1 9 6 5 1 0 9 . 4 — 2 2 3 . 8 2 3 3 . 5 
1 9 6 6 1 0 5 . 6 — 2 0 6 . 0 2 1 6 . 9 
1 9 6 7 1 0 3 . 4 — 2 1 1 . 9 2 2 2 . 7 
1 9 6 8 1 0 0 . 1 — 2 0 5 . 3 2 1 6 . 7 
1 9 6 9 1 0 6 . 4 2 2 5 . 1 2 0 5 . 9 2 1 7 . 0 
1 9 7 0 1 0 4 . 3 2 1 1 . 1 2 0 8 . 6 2 2 1 . 5 
1 9 7 1 — 2 1 3 . 7 — — 
F-va lue 1 . 9 7 + 5 . 1 2 * * 1 5 . 6 9 * * * 1 0 . 5 5 * * * 
L S D 5 % 4 . 8 2 7 . 8 8 6 . 1 3 8 . 4 7 
The process of f lower -bud fo rmat ion s t a r t s af ter t h e shoot has s t o p p e d 
growing; except ions are t h e variet ies R u t h Gers te t te r a n d Red E g g p l u m . 
If only t h e 1969—1971 p h e n o p h a s e d a t a a re taken i n t o considerat ion t h e 
var ie t ies P r ince of Wales, G r a n d Duke, Imper i a l and Königsbacher F r ü h -
zwetsche can also be placed in this group. I n fact , t h e e n d of shoot g r o w t h 
and t h e beg inn ing of f l o w e r - b u d fo rma t ion t ake place o n t h e same d a y , or 
w i th in one or t w o days of e ach other . 
Compared to 1969 t h e f lower-buds b e g a n to develop earlier in t h e t w o 
subsequen t y e a r s ; the d i f fe rence proved s ign i f ican t (Tables 3 and 4). 
c) Beginning of fruit colouring. The f r u i t of the p l u m variet ies s t a r t s t o 
colour on t h e 184 th to 240th d a y . In the b lue , red, yellow a n d greenish-yellow 
var ie t ies the green colour of t h e f ru i t is s lowly replaced b y t h e colour cha rac -
ter i s t ic of t h e va r i e ty . T h e colouring of p l u m frui ts genera l ly takes p lace 
be tween 3rd J u l y and 28th A u g u s t ; the abso lu t e in terval is somewhat longer , 
73 days (from t h e 179th t o t h e 252nd d a y ) . 
F ru i t colouring t akes place early (184th—200th d a y , x = 192.4) in 
18 var ie t ies , a t a medium t i m e (201st—220th day , x = 210.9) in 54, a n d l a t e 
(221st—240th d a y , x = 225.6) in 19 var ie t i es . The d i f fe rence be tween t h e 
earl iest and t h e la tes t da t e ove r 7 years was 18.5 days; t h e f luc tua t ion is con-
siderable , which gives de f in i t e proof of t h e role of c l ima t i c factors (Tables 
3 and 4). 
d) Beginning of fruit ripening. A f t e r 8—10 days of colouring t h e f r u i t 
begins to r ipen a n d is r eady fo r consumpt ion in a shorter or longer t ime d e p e n d -
ing on t h e v a r i e t y . The f r u i t s of all p l u m varieties genera l ly become r ipe 
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between 12 th J u l y and 3rd Sep tember ; t h e extreme v a l u e s over 7 yea r s w e r e 
t h e 189th a n d 260th days . T h e f ru i t s r ipen ea r ly (193rd—210th day, x = 202.2) 
in 18 va r ie t i e s , a t a m e d i u m t ime (211 th—225th day , x = 220.1) in 35, and 
la te (226th—246th day , x = 231.0) in 38 variet ies . 
J u d g i n g by the yea r s examined , t h e d a t e of r i pen ing m a y devia te f r o m 
t h e average b y as much as 16 days, t h a t is, t h e r ipening d a t e depends g r e a t l y 
on the c l imat ic factors (Tables 3 and 4). 
The genera t ive phenophases are also specif ic to t h e v a r i e t y ; the e x t r e m e 
values are ind ica ted below. 
Beginning of f lowering 
ear l ies t : Bódi szilva (101), Wilma S p ä t h (101), Gelbe A p r i k o s e n p f l a u m e 
(101), Merold ts Reneklode (101) 
l a t e s t : Gelbe Mirabel le (110), Golden Sugar (110), Wangenhe im (109). 
Beginning of f lower d i f fe ren t ia t ion 
ear l ies t : Red Eggp lum (182), R u t h Gers t e t t e r (184), Meroldts R e n e k l o d e 
(184) 
l a t e s t : Kaiser von Milan (246), H a f f n e r (245), Wangenhe im (243), 
Letr icour t (241). 
Beginning of f r u i t colouring 
ear l ies t : R u t h G e r s t e t t e r (184), Sasbache r Fr i ihzwetsche (185), B iondeck 
(188), Spä ths F rühes t e (188) 
l a t e s t : Nancymirabe l l e (240), Csúcsos szilva (230), Sep tembr i sche 
Mirabelle (228). 
Beginning of f r u i t r ipening 
ear l ies t : R u t h G e r s t e t t e r (193), Sa sbache r F r ü h z w e t s c h e (195), S p ä t h s 
Frühes te (198), F r ü h e Kön igsp f l aume (199) 
l a t e s t : Nancymirabe l l e (246), Bereg i Dato lya (242), P r imate (239), 
Brassai (239). 
3. Phenological characterization of self-fertilization groups in plum 
In Tab le s 1 and 3 t h e p l u m var ie t ies are placed in 4 categories; t h e 
average d a t a for all the va r i e t i e s were used as repl icat ions in calculat ing t h e 
d a t a in Tab le 5. 
The v e g e t a t i v e buds were found to o p e n earliest in t h e self-sterile v a r i -
eties; the d i f ference compared to the o the r t h r e e groups w a s s ignif icant . T h e 
difference was less appa ren t as regards t h e beginning of f lowering; t h e on ly 
demons t rab le difference was f o u n d between t h e self-fertile a n d the p rac t i ca l ly 
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Table 5 
Phenometric characterization of different plums and their BBI-values 
Measurement 
Self-
fert i le 
Par t ly 
self-
fertile 






a Ь с d 
Leaf -bud opening 91.1 92.1 91.5 88.0 2.10 a —d, b —d, c—d 
Beginning of flower-
ing 105.6 104.6 104.4 105.1 1.26 
а — с 
E n d of shoot growth 184.2 184.1 182.1 181.2 1.93 а —с, a—d, b—c, 
b - d 
Beginning of f ru i t 
colouring 212.5 212.6 207.1 209.5 3.49 
a—с, a—d, b—c, 
b - d 
Beginning of flower 
d i f ferent ia t ion 217.0 216.6 215.7 218.5 2.14 c - d 
Beginning of frui t 
r ipening 224.2 223.7 218.5 219.4 2.71 
a —c, a—d, 
b - d 
Beginning of leaf 
colouring 270.4 269.1 270.3 270.2 1.37 a — b , b —с 
Beginning of leaf 
abscission 280.8 280.9 277.4 280.7 1.87 а —с, b —с, b —d 
BBI-va lue 34.8 33.5 47.8 38.3 3.88 a—c, a—d, b —c, 
b - d , c - d 
self-sterile var iet ies . Flowering occurs 17.1 days a f t e r leaf-bud open ing in self-
sterile p lums , 14.5 days af ter l e a f -bud opening in self-fertile var ie t ies , while 
in t h e p a r t l y self-fert i le and p rac t i ca l ly self-sterile variet ies t h i s in terval is 
12—13 d a y s . 
I n t h e prac t ica l ly self-sterile a n d self-sterile variet ies t h e shoo t growth 
is comple ted 2—3 d a y searlier on average t h a n in t h e self-ferti le and p a r t l y 
self-fert i le groups. T h e variet ies c a n again be d iv ided into two g roups on t h e 
basis of t h e beginning of f ru i t co lour ing and f r u i t r ipening. T h e f lower-buds 
develop la tes t in t h e self-sterile var ie t ies , a l t hough the l ea f -buds open t h e 
earl iest of all in t h i s group. The corre la t ion is posi t ive t hough t h e average 
va lues of the self-fert i le group do n o t suppor t th i s . 
T h e colouring of t h e leaves beg ins earliest in t h e par t ly self-fert i le var i -
eties, while leaf abscission is the ear l ies t in the prac t ica l ly self-steri le p lums ; 
no s igni f icant d i f ference was f o u n d between t h e o the r groups. 
F o r the corre la t ion calcula t ions it was deemed necessary t o de termine 
t h e B B I - i n d e x . On t h e basis of t h e 91 variet ies examined it can be seen t h a t 
t h e p l u m species a n d variet ies h a v e a great inc l ina t ion to a l t e r n a t e . A va lue 
below 2 0 % can be regarded as ve ry good; var ie t ies w i th such va lues are : La t e 
Musca te (10.2), B o r s u m e r (13.8), B ü h l e r F rühzwetsche (13.8), S p ä t h s F rühes te 
(14.2), Daniel (16.8), I t a l i an P r u n e (17.0), Pond ' s Seedling (17.0), König in v o n 
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Bosnia (18.0), Agen 2 (18.0), Yellow Eggplum (18.0), Biondeck (18.2), Kora i 
zöld (18.2), Ea r ly F a v o u r i t e (19.6) and McLaughl in (19.8). A l t e rna t ion is t h e 
lowest in t h e p a r t l y self-fertile var ie t ies , and t h e highest in t h e prac t ica l ly 
self-steri le group (Table 5). 
4. Results of correlation studies 
In te r re la t ions be tween the 8 phenophases were eva lua ted in 28 regression 
ana lyses . The beginning of leaf-bud opening and f lower ing (with t h e except ion 
of Bódi szilva, Gelbe Apr ikosenp f l aume and R e d Nectar ine) , t h e beginning 
of f r u i t colouring and r ipening and t h e beginning of f lower-bud d i f fe ren t ia t ion 
a re in ve ry close cor re la t ion wi th t h e beginning of l ea f -bud opening a n d flower-
ing. F u r t h e r m o r e , i t can be es tabl ished t h a t t h e beginning of f lower ing , the 
Tab le 6 
Summary of correlational measurements on plums 
Relationship between r-value 
L e a f - b u d opening and B e g i n n i n g of f lower ing 
L e a f - b u d opening and E n d of shoot g rowth 
L e a f - b u d opening and Beg inn ing of f ru i t co lour ing 
L e a f - b u d opening and B e g i n n i n g of f lower d i f f e ren t i a t ion 
L e a f - b u d opening and B e g i n n i n g of f ru i t r i pen ing 
L e a f - b u d opening and Beg inn ing of leaf co lour ing 
L e a f - b u d open ing and B e g i n n i n g of leaf absciss ion 
Beg inn ing of f lowering a n d E n d of shoot g r o w t h 
Beg inn ing of f lowering a n d Beginn ing of f r u i t colouring 
Beg inn ing of f lowering a n d Beginn ing of f l ower d i f fe ren t ia t ion 
Beg inn ing of f lowering a n d Beginn ing of f r u i t r ipen ing 
Beg inn ing of f lowering a n d Beginn ing of leaf colour ing 
Beginn ing of f lowering a n d Beginning of leaf abscission 
E n d of shoot g rowth a n d Beg inn ing of f r u i t colour ing 
E n d of shoot g rowth a n d Beg inn ing of f lower d i f fe ren t ia t ion 
E n d of shoot g rowth a n d Beg inn ing of f r u i t r i pen ing 
E n d of shoot g rowth a n d Beg inn ing of leaf colour ing 
E n d of shoot g rowth a n d Beg inn ing of leaf absciss ion 
Beg inn ing of f ru i t colour ing a n d Beginning of f lower d i f f e ren t i a t i on 
Beg inn ing of f ru i t colour ing a n d Beginning of f r u i t r ipening 
Beg inn ing of f ru i t colour ing a n d Beginning of leaf colouring 
Beg inn ing of f r u i t colouring a n d Beginning of leaf abscission 
Beg inn ing of f lower d i f f e r e n t i a t i o n and Beg inn ing of f ru i t r i p e n i n g 
Beg inn ing of f lower d i f f e ren t i a t i on and Beg inn ing of leaf co lour ing 
Beg inn ing of f lower d i f f e r en t i a t i on and Beg inn ing of leaf absc iss ion 
Beg inn ing of f ru i t r ipen ing a n d Beginning of leaf colouring 
Beg inn ing of f ru i t r ipening a n d Beginning of leaf abscission 
Beg inn ing of leaf colouring a n d Beginning of leaf abscission 
+ 0 . 0 9 1 
+ 0 . 2 9 4 * * 
+ 0 . 1 3 0 
+ 0 . 1 6 3 
+ 0 . 0 3 6 
+ 0 . 0 1 1 
- 0 . 1 1 7 
+ 0 . 3 3 5 * * 
+ 0 . 1 0 9 
+ 0 . 3 1 2 * * 
+ 0 . 2 0 7 * 
+ 0 . 0 6 1 
- 0 . 0 4 0 
+ 0 . 3 1 7 * * 
+ 0 . 0 6 0 
+ 0 . 0 2 1 
+ 0 . 0 1 8 
+ 0 . 1 7 5 + 
+ 0 . 9 6 3 * * * 
+ 0 . 3 3 6 
+ 0 . 1 2 9 * * * 
+ 0 . 2 2 4 * 
+ 0 . 4 1 6 * * * 
+ 0 . 5 0 2 * * * 
+ 0 . 1 4 1 
+ 0 . 4 0 5 * * * 
+ 0 . 8 1 2 * * * 
+ 0.862*** 
Beginn ing of f lowering a n d B B I - v a l u e — 0 . 2 3 1 * 
Beginn ing of f r u i t r ipen ing a n d B B I - v a l u e - 0 . 1 0 2 
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colouring a n d r ipening of t h e f ru i t and t h e colouring of t h e leaves a r e also 
in corre la t ion w i th each o t h e r . The end of shoo t growth h a s a r emarkab le e f fec t 
on t h e f lower -bud f o r m a t i o n in the p l u m varieties, w h i c h is why t h e r e is 
a posi t ive corre la t ion b e t w e e n them. On ly a few variet ies ( R e d Eggp lum, R u t h 
Gers te t t e r , P r ince of Wales , Grand D u k e , Imper ia l a n d Königsbacher Fr i ih -
zwetsche) showed a nega t ive t r end , since t h e d i f fe ren t ia t ion of the f l ower -buds 
s t a r t ed be fo re the shoots s topped growing. 
F r u i t colouring is in close cor re la t ion wi th f ru i t r ipen ing and w i t h t h e 
beginning of leaf colouring. T h e fact t h a t ea r ly colourat ion makes earlier f lower 
fo rma t ion possible is, however , much m o r e i m p o r t a n t . This is even more 
a p p a r e n t w h e n considered as a func t i on of the beg inn ing of f rui t co lour ing 
(r = + 0 . 2 2 4 and P = 5 % ) . I n variet ies w i t h early f ru i t r ipening leaf co lour ing 
also begins earl ier ; in f a c t , t h e vege ta t ion of t h e trees is f a s t e r . Considering t h e 
need to p r e p a r e for the w i n t e r and t h e possibi l i ty of e a r l y frosts this v a r i e t a l 
f ea tu re can be regarded as favourable . 
F ina l ly , inves t iga t ions were made t o discover to w h a t extent a l t e r n a t i o n , 
which is a n u n f a v o u r a b l e charac ter i s t ic of p lum trees, depends on t h e pheno-
phases. I n t h e present case examina t ions were only m a d e on its r e l a t ionsh ip 
wi th two phenophases , s ince these were t h o u g h t to be causa l relations. A high 
BBI -va lue is much more f r e q u e n t in p l u m varieties w h i c h flower a n d r ipen 
early t h a n in t rees wi th l a t e f lowering a n d f r u i t r ipening. T h e role of t h e r ipen-
ing t ime could only he d e m o n s t r a t e d t o a lesser ex tent in t h e 91 plum va r i e t i e s 
examined ; t h e re la t ionship is only a t r e n d . 
Discussion 
Obse rva t ions on 4 vege ta t ive a n d 4 generat ive phenophases in p lum 
variet ies over a number of years p rov ided a suff icient bas i s for drawing genera l 
conclusions. T h e resul ts of our inves t iga t ions agree w i t h those o b t a i n e d by 
T Ó T H ( 1 9 5 7 ) unde r d i f f e ren t site condi t ions , while t h e r e is only a s l ight differ-
ence b e t w e e n the f lower ing da t a of K E Ö P E C Z Y - N A G Y ( 1 9 4 3 ) and T Ó T H ( 1 9 5 7 ) , 
which were obta ined u n d e r very s imi lar site condi t ions in the B u d a area. 
At Cegléd f lowering begins some 3—4 d a y s earlier t h a n a t K a m a r a e r d ő in 
Buda , t h u s showing t h e impor tance of t h e geographical s i tuat ion. L a t i t u d e 
( i r re levant in this case), a l t i tude , and t h e degree of exposu re great ly m o d i f y 
the beginning , dura t ion a n d dynamics of vegeta t ion . 
Ear l i e r i t was f o u n d t h a t the l e a f - b u d s of Bódi sz i lva (Prunus insititia) 
burs t before f lowering begins . The v e g e t a t i o n in Prunus cerasifera is i nc red ib ly 
fas t (Alutscha) and t h e s a m e can be sa id of P. italica convar. pomariarum. 
On t h e o t h e r hand , Bódi szilva and t h e eggplums ( P . italica convar . ovoidea) 
have long vege ta t ion per iods . Shoot g r o w t h in high p roduc t i v i t y greengages 
(P . italica convar . claudiana), domest ic p l u m s (P. domestica) and in s o m e egg-
3* Acta Agronomica Academiae Scientiarum Hungaricae 29, 1980 
280 D. S U R Á N Y I 
p l u m variet ies ( P . italica c o n v a r . ovoidea) t a k e s much longe r than in o t h e r 
g roups of p l u m s ( S U R Á N Y I 1 9 8 0 ) . 
Since T Ó T H (1957) m a d e his observa t ions on almost t h e same var ie t i e s , 
i n discussing t h e present r e su l t s reference is a lways made t o t h i s work i n s t e a d 
of making compar i sons wi th t h e copious l i t e r a t u r e , which is d i f f i cu l t to s u r v e y . 
D a t a collected ove r ten years a re included in T ó t h ' s s t udy a n d these are con-
f i r m e d in m a n y respects by t h e present obse rva t ions . A good example of t h i s 
is t h e quest ion of flowering t i m e . There a re s tab le (less w e a t h e r d e p e n d e n t ) 
a n d unstable va r i e t i e s . In t h e var ie t ies Kaiser v o n Milan, K ö n i g i n von B o s n i a , 
Szigeti zöld, e t c . t h e f l u c t u a t i o n of the a b s o l u t e flowering t i m e is 10.5 d a y s , 
whi le in T r a g e d i a , Cochet, J o d o i g n e , etc., w h i c h are u n s t a b l e varieties, i t is 
14.2 days. T h e s t ab le var ie t ies blossom cons iderab ly la ter t h a n the u n s t a b l e 
ones . The f l o w e r i n g period is longer at Cegléd t han at K a m a r a e r d ő a l m o s t 
e v e r y year; t h a t is, the c lass i f icat ion is va l id n o t only for growing sites b u t 
a lso for d i f f e ren t years. 
This is w h y t h e 3—4 d a y s advan tage a t Cegléd at the beg inn ing of f l ower -
i n g increases t o 6 — 8 days b y t h e t ime of fu l l blossoming, a n d t h e petals b e g i n 
t o drop 11—12 days earlier a t Cegléd t h a n a t K a m a r a e r d ő . According t o 
T Ó T H (1957) p l u m trees s ta r t f lower ing on 1 8 t h April , K E Ö P E C Z Y - N A G Y (1943) 
r epo r t s the b e g i n n i n g of f lower ing on 19th Apr i l , while in t h e p re sen t inves t iga-
t i ons f lowering began on 1 4 — 1 5 t h April on average. W i t h respect to t h e 
d u r a t i o n of f l o w e r i n g smaller differences were found be tween early, m e d i u m 
a n d late va r i e t i e s t h a n those repor ted b y T ó t h . 
The f l ower ing period is s h o r t in the va r i e t i e s Blau H e r r e n p f l a u m e , Beregi 
d a t o l y a and Sz ige t i zöld: 6 .4—6.6 days a t K a m a r a e r d ő , a n d 10.2—12.5 d a y s 
a t Cegléd over t h e average of t h e three va r i e t i e s . In the va r i e t i e s Gelbe Apr i -
kosenpf laume, Biondeck and Green Gage, w h i c h have t h e longest f lower ing 
per iods , 11.0—11.2 (at Cegléd 14.5—15.3) d a y s pass f r o m t h e beginning of 
f lower ing to t h e beginning of p e t a l shedding. 
TÓTH r e f e r s t o the work of R o (1929) w h e n discussing t h e positive cor -
re la t ion be tween flowering a n d flower-bud f o r m a t i o n . The presen t observa-
t i ons on 91 v a r i e t i e s did not c o n f i r m this t h e o r y ; the p h e n o p h a s e of l ea f -hud 
open ing was f o n n d to be m u c h more i m p o r t a n t (Table 6). T h e variet ies in t h e 
d i f fe ren t f l ower ing groups do in fac t form t h e i r f lower-buds earlier or l a t e r 
according to t h e hypothesis p roposed by T ó t h , b u t the t r end is n o t s igni f icant . 
Tuf ts — Mor row and J o h a n s s o n (TÓTH 1957) found t h a t t h e d i f ferent ia-
t i o n of the f l ower -buds was a l r e a d y highly in t ens ive be tween 29th J u n e a n d 
2 n d September . Y e a r , va r ie ty , roots tock a n d cul tura l p rac t i ces may g rea t ly 
m o d i f y the b e g i n n i n g of f lower -bud format ion . A nor ther ly pos i t ion (Scandina-
v i a , Scotland, C a n a d a ) causes a 3—6 week d e l a y in flower f o r m a t i o n . 
F lower-bud d i f fe ren t ia t ion takes place a t Cegléd b e t w e e n 1st Ju ly a n d 
3 rd September ; ove r the ave rage of 91 var ie t i es the 217th d a y (5th Augus t ) 
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is t h e d a t e when the f lower organs d i f fe ren t ia te . The a c t u a l beginning of f lower-
bud f o r m a t i o n (phase I ) is followed some 2—3 weeks la te r by phase I V (ELEK 
1 9 6 6 ) , which was also indicated b y t h e au thors . T h u s , t h e ca lendar d a t e given 
here is a lmos t ident ica l wi th the Swedish and Moldav ian da ta , a n d t h e effect 
of t h e geographical s i tua t ion is n o t a p p a r e n t l y fe l t (Ro 1 9 2 9 , K O B E L 1 9 5 4 , 
M O S T O L O V I T S K A 1 9 7 2 ) . 
T h e end of shoot growth is genera l ly followed b y f lower-bud fo rma t ion , 
b u t in t h e variet ies R u t h Gers te t t e r , R e d Eggp lum, Pr ince of Wales , Grand 
Duke , Imper i a l and Königsbacher Fr i ihzwetsche t h e s i tua t ion is reversed. 
The o t h e r ex t reme is represented b y a group of var ie t ies in which t h e shoot 
g rowth is completed more t han 50 d a y s before t h e f l ower organs in t h e flower-
buds become d i f fe ren t i a ted . These var ie t ies are Ka i se r von Milan (63), Pr ince 
Red (63), Gömöri n y a k a s (60), Csúcsos szilva (60), H a f f n e r (59), V io le t t e Je ru -
sa l emspf l aume (58), Cochet (56), Vio le t t e Perdr igon (52), Green Gage (51), 
Ca ta lan (51), Pac i f ic (51), Spä ths F r ü h e s t e (51), E a r l y F a v o u r i t e (50) and 
P o n d ' s Seedling (50). 
T h e r e is a s ign i f icant d i f ference in the t ime of f ru i t r ipen ing be tween 
these two ext reme g roups : the f o r m e r variet ies beg in to r ipen on 30 th J u l y 
and t h e l a t t e r on 15 th Augus t . 
T h e f ru i t s t a k e 56 days to b e c o m e coloured, t h o u g h accord ing to Tó th 
this f i g u r e is 51 d a y s ; t h e range of var ie t ies colouring earliest a n d l a tes t was 
found to be the same . A strong s imi la r i ty was also found in t h e beginning 
of f r u i t r ipening, t h o u g h by con t r a s t t o Tó th ' s resu l t s , in the p resen t invest iga-
t ions colouring was closely correla ted t o r ipening. Var ie t ies wi th yel low, green 
or yellowish-green f r u i t s ripen v e r y f a s t (Korai zöld, Weisse Kön ig in , Gelbe 
H e r r e n p f l a u m e , Angoulème, etc.); t hose wi th blue a n d red f ru i t s h a v e a long 
r ipen ing period (König in von Bosn ia , Besztercei szilva, Bor sumer , I t a l i an 
P r u n e , Kaiser von Milan , etc.). 
T h e impor t ance of the v e g e t a t i v e phenophases is suggested indirect ly 
b y t h e s tudies of R I E H S ( 1 9 3 3 ) . T Ó T H ( 1 9 5 7 ) also observed t h a t t h e suction 
force du r ing wi ther ing was 8 a t . in var ie t ies b lossoming early, 9.5 a t . in those 
f lower ing a t a m e d i u m t ime, and 10.9 a t . in those blossoming l a t e . I n other 
words , var iet ies which f lower ear ly are much more sensit ive to env i ronmen ta l 
f ac to r s t h a n those wh ich blossom la t e in the season. This m a y well be the 
reason w h y the per iod of shoot g r o w t h also plays a highly i m p o r t a n t role in 
t h e f o r m a t i o n of t h e following y e a r ' s f lower-buds . 
H E R R E R O (1951) considers t h e d a t e of leaf abscission to he an i m p o r t a n t 
va r i e t a l fea ture , a n d t h e colouring of t h e leaves to be less specific. This s ta te-
m e n t is conf i rmed in Tab le 2, since t h e year ly f l u c t u a t i o n is m u c h wider in the 
case of leaf abscission t h a n as r e g a r d s the beginning of leaf colouring. 
As regards t he se two phenophases the p resen t observat ions do no t agree 
wi th t hose made b y T Ó T H ( 1 9 5 7 ) f o r every va r i e ty , t hough in some cases t h e y 
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coincide, e.g. in t h e case of M o n t f o r t , Weisse König in and P o n d ' s Seedling. 
T h e differences can be explained b y differences in the growing sites and t h e 
exper imen ta l m e t h o d s (Tóth p re sen t s absolute , ou t s t and ing va lues , while in 
t h e present s t u d y seven-year averages for the var ie t ies examined were t a k e n 
as t h e basis). 
The phenophases of self-fert i le , pa r t ly self-fert i le , p rac t ica l ly self-sterile 
a n d self-sterile var ie t ies begin a t d i f fe ren t t imes . I n an earlier p a p e r (SURÁNYI 
1980) ment ion was m a d e of t h e grea t dif ferences in phenophases be tween 
species and var ie t ies . If the fer t i l iza t ion groups a n d the t axonomic classifica-
t i o n are compared , i t is found t h a t variet ies which differ wi th respec t to self-
fer t i l izat ion belong to different species and v a r i e t y groups. 
Varieties be longing to the species Prunus domestica and P. insititia are 
m o s t l y self-fertile, while P. cerasifera is self-sterile. Of the P. italica convars 
t h e greengages can be either self-fert i le or self-steri le; eggplums, da te -p lums 
a n d spillings a re mos t ly self-sterile, while t h e mirabels may be ei ther self-
fe r t i l e or self-sterile. 
This seven-year series of phenological observa t ions and morphological 
examina t ions on t h e same collection of variet ies has provided suf f ic ien t d a t a 
t o clar i fy the t a x o n o m i c posit ion of p lum var ie t ies . The morphological exami-
n a t i o n s have now been comple ted , so t h e results ob t a ined allow t h i s i m p o r t a n t 
s u b j e c t to be closed. 
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PROGRESS FROM PHENOTYPIC SELECTION 
IN ALFALFA SELECTED IN SPACED PLANTINGS 
AND EVALUATED IN SPACED 
AND DENSE PLANTINGS 
I . I N D I V I D U A L P L A N T S E L E C T I O N 
By 
A . M . HAMMAH, Z . B O J T O S 
F O R A G E C R O P S R E S E A R C H S E C T I O N , F I E L D CROPS R E S E A R C H I N S T I T U T E , A G R I C U L T U R A L 
R E S E A R C H C E N T R E , ORMAN, G I Z A ; A G R I C U L T U R A L R E S E A R C H I N S T I T U T E , K O M P O L T 
The a m o u n t of obse rved g a i n in d ry m a t t e r y ie ld f r o m i n d i v i d u a l selected p l a n t s 
d i f fe red w i t h t h e sys t em of p l a n t i n g used for e v a l u a t i n g t he r e s p o n s e t o select ion a n d 
w i t h t he s y s t e m of p l an t ing u n d e r which t h e p l a n t s were se l ec ted . However , g a i n s 
obse rved u n d e r spaced p l a n t i n g w e r e reduced u n d e r dri l l seeding. O b s e r v e d gains f r o m 
progenies t e s t e d in spaced p l a n t i n g t r ia ls were cons ide r ab ly g r e a t e r t h a n expec t ed w i t h 
h igher o b s e r v e d ga ins in close r a t h e r t h a n in w i d e spac ing tes t . Al l se lec ted g e n o t y p e s 
in spaced p l a n t i n g tr ials f a i l ed t o m a i n t a i n t h e i r supe r io r i ty in sol id seeding. 
Int roduct ion 
The mask ing effect of compe t i t i on is a lways a serious problem, ma in ly 
because of the preoccupa t ion t h a t t h e eva lua t ion of genotypes as single p l a n t s 
w i t h o u t compet i t ion is a b n o r m a l . 
Because g e n o t y p e is a lways eva lua ted t h r o u g h its p h e n o t y p e , much work 
h a s been done in o rde r to s t u d y t h e effect iveness of reducing genotype-envi ron-
m e n t in terac t ion on the eff ic iency of selection. According t o G A R D N E R ( 1 9 6 1 ) 
a n d F A S O U L A S — T S A F T A R I S ( 1 9 7 5 ) t h e appl ica t ion of highly r e f i ned techniques 
which minimize geno type -env i ronmen t in te rac t ion and m a k e fo r greater geno-
t y p i c expression m a y lead to r a p i d progress f r o m selection. 
E x p e r i m e n t a l evidence ind ica te s t ha t t h e effect iveness of selection u n d e r 
non-compet i t ive condit ions wou ld be of l i t t le va lue in p roduc ing genotypes 
to be used in solid seeding ( W E B E R 1 9 5 7 , R A D W A N et al. 1 9 7 1 , ALI 1 9 7 1 ) . 
On t h e other h a n d , var ious a u t h o r s ( H I N S O N — H A N S O N 1 9 6 2 , S A K A I et al. 1 9 6 8 , 
C H E B I B et al. 1 9 7 3 ) have emphas ized t h a t compet i t ion imposes a m a r k e d 
m a s k i n g effect wh ich considerably decreases t h e efficiency of selection. 
The aim of th i s work w a s to s tudy t h e effect iveness of one cycle of 
ind iv idua l p lan t selection in improv ing t h e yielding abi l i ty of alfalfa w h e n 
select ion was appl ied under compe t i t i ve and non-compe t i t i ve condit ions. 
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Material a n d Method 
This s t u d y was carried o u t in the b reed ing nurse ry of the Agr icu l tu ra l Research In s t i t u t e 
a t K o m p o l t , H u n g a r y . The mate r ia l s used were open-pol l inated seed of four t y p e s of alfalfa 
of diverse genetic origin, r ep resen ted b y e rec t (C-37), semi-erect (C-244), semi-pros t ra te 
(C-636) and p ros t r a t e (C-1474) types . 
The seeds were sown in seed boxes in t h e greenhouse in Apr i l 1971. The p l a n t s were 
c u t a t a he ight of 7 cm and t r a n s p l a n t e d in J u n e 1971 into th ree spaced-planted exper imen t s 
in a r andomized complete block design wi th f o u r replications each . Bo th p l an t - t o -p l an t and 
row-to- row dis tances were 30, 20, a n d 10 cm, wh ich will be re fe r red t o as wide, m e d i u m , and 
close spacing, respectively. E a c h t y p e was r ep re sen ted by one row of 10 plants in each replica-
t ion in the th ree spaced-planted exper iments . 
On t he basis of the t o t a l d ry m a t t e r yield of three cuts p e r p l an t , the h ighes t yielding 
p l a n t wi thin t h e row in each of t he three spaced exper iments was selected. Also t h e bes t four 
p l a n t s wi th in each spaced-p lan ted sys tem were selected for each a l fa l fa type a n d the i r seed 
was mixed in equal quan t i t i e s t o represen t m a s s selecton. 
Open-pol l inated seed of selected p lan t s a n d t h a t of the or ig inal popula t ion f r o m which 
i t was derived were seeded in seed boxes in t h e greenhouse in Oc tobe r 1972. In M a y 1973 they 
were t r ans fe r red to the exper imen ta l field in t w o single-plant e x p e r i m e n t s with wide a n d close 
spacing, consist ing of 5 repl ica t ions for each t y p e , where each p r o g e n y was r ep re sen ted by 
a 5 -p lan t row in each repl ica t ion . A mass seeded exper iment of 3 repl icat ions for each type 
was also es tabl ished in a r a n d o m i z e d complete block design in Apr i l 1973. F o r t y - n i n e seeds 
f r o m each p rogeny were sown in 3 0 x 3 0 cm plo ts and thinned t o 30 seedlings a f t e r complete 
germina t ion . 
Three cu t s were t a k e n u p till Sep tember 1973; the un i t of observat ion was a 5-plant 
row for the spaced-planted exper iments , and t h e whole plot for t h e mass seeded expe r imen t . 
S t a n d counts were made a f t e r each cut t ing a n d t h e yield was expressed as grams of green and 
d r y m a t t e r yield. 
The gains in d ry m a t t e r yield expected f r o m individual p l a n t selection were computed 
f r o m the fo rmula : 
S = К - H dp 
where К = the selection in t ens i ty when the t o p 1 0 % of the p l a n t s were chosen, 
H = t he her i tabi l i ty of d r y m a t t e r yield (on a single p l an t basis) e s t ima ted f r o m vari-
ance componen t s u n d e r wide, m e d i u m a n d close spacings, 
<5p = t he pheno typ ic s t a n d a r d devia t ion of the spaced-p lan ted popula t ion subjec ted 
to selection. 
T h e observed gains in d ry m a t t e r yield were c o m p u t e d in each sowing system as 
X s — X 0 x 1 0 0 
X „ 
where X s = average dry m a t t e r yield per p l a n t in the selected popula t ion de r ived f rom 
a cer ta in spaced p lan t ing t r ia l ; 
X„ = d ry m a t t e r yield pe r p l an t in t he original popula t ion . 
The d a t a of d ry m a t t e r yield were s u b j e c t e d to a regular analys is of va r i ance b y the 
F - t e s t for each exper iment a n d significance t r e a t m e n t s were de t e rmined . The signif icance 
of t h e differences be tween t he average p lan t yields of the four i nd iv idua l p lan t p rogenies and 
t h e yield per p l an t in the mass selection t r e a t m e n t s was de te rmined b y the a p p r o p r i a t e " t " 
t e s t . 
Resul ts 
The d ry m a t t e r yield per p lan t fo r t h e progeny of selected ind iv idua ls , 
mass selection and the original popu la t i on was e s t ima ted in bo th solid seeding 
and spaced p lan t ing tes t s . T h e d a t a a re presented , w i t h F values a n d L S D , 
in Tab le 1. The da t a showed no s ign i f i can t differences among the progenies 
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of selected p l a n t s and t h e original popu l a t i on for t h e f o u r types of g r o w t h 
hab i t in the solid seeding t e s t . Similar resu l t s were ob ta ined in the close s p a c i n g 
t e s t for erect , semi-erect a n d semi-pros t ra te types . Fo r p r o s t r a t e t ype , t h r e e 
Table 2 
Observed and expected gains in grams from individual plant selection 
Sowing sys t em 
Selected female p a r e n t Type of g r o w t h Gains Solid Spaced planting Average 
seeding 
Close Wide 
Close spacing Erect exp. 1 0 . 5 1 0 . 5 1 0 . 5 1 0 . 5 
obs. 2 . 9 3 3 . 3 9 . 3 1 5 . 2 
Semi-erect exp. 6 . 9 6 . 9 6 . 9 6 . 9 
obs. — 1 . 2 2 0 . 1 - 7 . 0 4 . 0 
Semi-prost ra te exp. 1 0 . 7 1 0 . 7 1 0 . 7 1 0 . 7 
obs. 1 . 9 5 9 . 4 - 2 2 . 0 1 3 . 1 
Pros t ra te exp. 1 1 . 4 1 1 . 4 1 1 . 4 1 1 . 4 
obs. 1 8 . 2 6 2 . 3 3 7 . 5 3 9 . 3 
Average exp. 9 . 9 9 . 9 9 . 9 9 . 9 
obs. 5 . 5 4 3 . 8 4 . 5 1 7 . 9 
Medium spacing Erec t exp. 7 . 5 7 . 5 7 . 5 7 . 5 
obs. 4 . 9 1 9 . 9 - 3 . 1 7 . 2 
Semi-erect exp. 6 . 6 6 . 6 6 . 6 6 . 6 
obs. - 1 . 3 3 6 . 5 - 7 . 6 9 . 2 
Semi-prost ra te exp. 6 . 9 6 . 9 6 . 9 6 . 9 
obs. - 7 . 4 4 2 . 5 - 3 . 8 1 0 . 4 
Pros t ra te exp. 7 . 4 7 . 4 7 . 4 7 . 4 
obs. 1 . 4 2 8 . 8 3 2 . 4 2 0 . 9 
Average exp. 7 . 1 7 . 1 7 . 1 7 . 1 
obs. - 0 . 6 3 1 . 9 4 . 4 1 1 . 9 
Wide spacing Erec t exp. 8 . 9 8 . 9 8 . 9 8 . 9 
obs. 5 . 6 0 . 5 3 . 2 3 . 1 
Semi-erect exp. 9 . 5 9 . 5 9 . 5 9 . 5 
obs. 2 . 2 1 8 . 1 - 1 5 . 0 0 . 3 
Semi-pros t ra te exp. 7 . 9 7 . 9 7 . 9 7 . 9 
obs. — 7 . 3 5 4 . 1 - 2 2 . 1 8 . 2 
Pros t ra te exp. 9 . 1 9 . 1 9 . 1 9 . 1 
obs. 8 . 9 8 7 . 3 4 9 . 4 4 8 . 5 
Average exp. 8 . 8 8 . 8 8 . 8 8 . 8 
obs. 2 . 3 4 0 . 0 3 . 9 1 5 . 0 
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progenies exceeded t h e original popu la t ion in y ie ld (signif icant a t t he 5 % 
level); one of the t h r e e was der ived f r o m the se lected female p a r e n t in close 
spacing and the o t h e r t w o belonged to female p a r e n t s selected in wide spacing. 
Signif icant d i f ferences were c o m p u t e d a m o n g progenies of semi-erect and 
p r o s t r a t e types w h e n t h e progenies were tes ted in wide spacings, b u t all t h e 
h ighes t progenies s igni f icant ly exceeded the original popula t ion . For t h e 
p r o s t r a t e type , n ine progenies were s igni f icant ly superior t o t h e original 
popu la t i on and on ly one of the n ine was f rom an indiv idual selected in close 
spacing. 
T h e expected a n d observed gains were c o m p u t e d as shown in t h e Mater ia l 
and Method section, a n d the values ob ta ined are l is ted in Table 2. T h e average 
observed gain c o m p u t e d over all t h r e e spacing t r i a l s (last co lumn of Table 2) 
showed t h a t the p rogen ies of p lan t s selected in close spacing for t h e erect t y p e 
gave a 15 .2% increase compared to 7 . 2 % and 3 . 1 % for progenies der ived f r o m 
Table 3 
Comparisons of dry matter yield in grams between mean of progenies 
from selected individuals and that from mass selection, 
both calculated from the average of solid and spaced sowing 
Selected female pa ren t s Type of g rowth 
Indiv idual p l a n t selection Mass 
R a n g e Mean selection 
Close spacing Erec t 12.94—16.35 14.29 14.78 
Semi-erect 1 3 . 1 0 - 1 7 . 0 6 15.52 13.81 
Semi-prostrate 1 3 . 1 3 - 1 7 . 3 5 14.69 13.85 
Prost ra te 1 0 . 2 4 - 2 0 . 8 8 14.59 12.15 
Average 14.77 13.65 
" t " test not significant 
Medium spacing Erect 1 2 . 5 5 - 1 4 . 1 6 12.55 14.75 
Semi-erect 1 3 . 6 5 - 1 6 . 4 3 14.72 16.94 
Semi-prostrate 1 2 . 6 7 - 1 5 . 3 4 14.17 12.24 
Prost ra te 1 2 . 3 7 - 1 4 . 3 0 14.29 12.21 
Average 13.09 14.03 
" t " test not s ignif icant 
Wide spacing Erect 10.92 — 14.76 13.04 13.66 
Semi-erect 10.08 — 18.43 16.82 13.77 
Semi-prostrate 11.98 — 15.45 13.81 15.61 
Prost ra te 13.51 — 16.40 14.81 15.92 
Average 14.62 14.76 
" t " test not significant 
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p a r e n t s selected unde r med ium a n d wide spacings , respect ive ly . Similar 
resu l t s were o b t a i n e d for the semi -p ros t r a t e t y p e . 
W h e n t h e progenies were e x a m i n e d in drill seeding, as a commercia l 
sy s t em of p roduc t i on in a l fa l fa , t h e observed gains computed fo r d r y m a t t e r 
yie ld in one cycle of indiv idual p l a n t selection for female p a r e n t s w i t h close 
spac ing r anged f r o m 2.9% for t h e erec t t y p e to 18.2% for t h e p r o s t r a t e type , 
w i t h an average of 5.5%. The observed gains f r o m progenies of select ions wi th 
wide spacing r anged f r o m 2 .2% fo r t h e semi-erect t y p e to 8.9% f o r t h e pros-
t r a t e t ype , w i t h an average of 2 .3%. B o t h the averages of observed gain were 
less t h a n t h a t expec ted on t h e basis of i n f o r m a t i o n f rom t h e close spaced-
- p l a n t e d nu r se ry . Selection for f ema le p a r e n t s w i th med ium spac ing was no t 
ef fec t ive in i m p r o v i n g the yield of semi-erect and semi-pros t ra te t y p e s , while 
4 .9% and 1 .4% increases compared t o t h e original popula t ion were ob ta ined 
for t h e erect a n d p ros t r a t e t ypes . 
General ly , t h e observed gains f r o m progenies t es ted in spaced p lan t ing 
t r ia l s were cons iderably grea ter t h a n expec ted , w i t h higher va lues observed 
in t h e close t h a n in the wide spac ing tes t . The p rogeny of se lected female 
p a r e n t s wi th close spacing gave a h igher observed gain t h a n those selected 
in m e d i u m and wide spacings, t h e average increase being 4 3 . 8 % , 3 1 . 9 % and 
4 0 . 0 % in t h e close spacing t e s t a n d 4.5, 4.4, and 3 .9% in the wide spacing 
t e s t for the p rogeny of selected p a r e n t s in close, m e d i u m and wide spacings, 
respect ive ly . 
A compar i son of the dry m a t t e r yield be tween t h e mean of p r o g e n y f rom 
selected ind iv idua ls and t h a t f r o m mass selection, b o t h ca lcula ted f r o m the 
ave rage of solid and spaced p lan t ings , are l isted in Table 3. I t c a n be seen 
f r o m t h e d a t a in Table 3 t h a t a wide range of va lues was o b t a i n e d for t h e 
p rogeny of ind iv idua l selection, b u t t h e mean was no t s igni f icant ly d i f fe rent 
f r o m t h a t ob t a ined unde r mass select ion. 
Discussion 
R e m a r k a b l e progress was ob t a ined in one cycle of individual p l a n t selec-
t i o n in a popu la t i on selected for d r y m a t t e r yield. T H E U R E R — E L L I N G ( 1 9 6 4 ) 
a n d o ther workers concluded t h a t spaced p lan t ing t r ia ls are inva l id for yield 
de t e rmina t i on in a l fa l fa . So the a m o u n t of observed gain in this work differed 
w i t h t h e sys tem of p l an t ing used for eva lua t ing t h e response to select ion and 
w i t h t h e sys tem of p lan t ing unde r which selection was carried o u t . None of 
t h e superior geno types selected as single p lan t s w i t h o u t compe t i t ion main-
t a i n e d the i r super io r i ty when eva lua t ed in solid s t ands . Gains observed under 
spaced p lan t ing sys tems were r educed unde r solid seeding. 
Thus , i t m a y be concluded t h a t t h e lack of effect ive select ion in wide 
spac ing f r o m a large popula t ion w h e n t h e p rogeny of selected p l a n t s were 
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t es ted in solid seeding m a i n l y resul ted in dismissing t h e eva lua t ion for t h e 
compet i t ive abi l i ty of selected genotypes , which m a y i n t r o d u c e a new source 
of non-genet ic var ia t ion i n t o t h e selection nurse ry due t o larger nurse ry size 
and local env i ronmen ta l dif ferences ( P A R K E R 1 9 3 1 ) . 
Select ing the h ighes t yielding p l a n t w i thou t t a k i n g in to account t h e 
s i tua t ion of t h e ne ighbour ing p lan ts su r round ing this p l a n t m a y result in t h e 
fai lure of mass selection. F A S O U L A S — T S A F T A R I S ( 1 9 7 5 ) concluded t h a t soil 
he terogenei ty has the g rea t e s t s ignif icance dur ing t h e ea r ly selection s tages , 
when a n u m b e r of geno types m u s t be screened, each h a v i n g a un ique genet ic 
cons t i tu t ion . So an a c c u r a t e measu remen t of d i f fe rent sources of v a r i a t i o n , 
t ak ing in to account t h e compet i t ive ab i l i ty of the p l a n t , will lead fo r age 
breeders t o a be t te r design of the selection nursery . 
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CHANGES IN PROTEIN CONTENT 
AND PHOSPHOMONOESTERASE 
AND PHOSPHODIESTERASE ACTIVITIES 
IN CALLUS TISSUES OF SOME SCION 
AND STOCK VARIETIES OF VINE 
By 
M . K . SZABÓ, J . U D V A R D Y , P . KOZMA, D . P O L Y Á K 
UNIVERSITY OF HORTICULTURE, DEPARTMENT OF VINE GROWING, BUDAPEST; 
HUNGARIAN ACADEMY OF SCIENCES, INSTITUTE FOR PLANT PHYSIOLOGY OF THE SZEGED 
BIOLOGICAL CENTRE, SZEGED 
In basal and apical callus t issues from four scion varieties (Olasz rizling, Rizling-
szilváni, Hárslevelű and Kékfrankos) and three s tock types (SO 4, 5 B B and 5C) of v ine 
the protein content , Phosphomonoesterase and phosphodiesterase were determined 
every two weeks from January t o June. As regards protein content , only the variety 
Rizlingszilváni and the s tock- type 5BB showed changes of a similar tendency in the 
callus tissues during the period from January to June. The c h a n g e in protein level 
in the other sc ion varieties a n d stock types examined proved t o be of antiparallel 
character. A t the beginning of the vegetation period the prote in level in the basal 
calluses of sc ion varieties was a lways much higher than in the corresponding apical 
calluses. Changes in the Phosphomonoesterase and phosphodiesterase enzyme levels 
of scion variet ies and s tock-types showed considerable differences in the period from 
April to June. 
In t roduct ion 
The mass p roduc t ion of v i n e grafts u n d e r fa rm condi t ions represents 
a d i f f i cu l t t ask in pract ice a n d t h e o r y alike. 
Proper callus format ion is one of the precondi t ions of successful g r a f t 
p r o d u c t i o n (ZILAI 1 9 6 6 , S C H E N K 1 9 7 6 ) . Our research t e a m has recent ly in-
c l u d e d enzyme examina t ions in t h e callus research p r o g r a m m e (KOZMA et 
al. 1 9 7 9 ) . The p r e sen t paper gives an account of some of t h e resul ts achieved. 
I t is a wel l -known fac t t h a t certain p rac t i ca l p rob lems can be t r a c e d 
b a c k to insuff ic ient knowledge of the physiological processes taking p lace 
w h e n t h e vine is do rman t . F o r ins tance , h a r d l y any th ing is k n o w n about t h e 
e n z y m a t i c changes taking p lace in the p lan t t issues dur ing t h e winter per iod . 
The problem m a y be connec t ed with numerous f ie lds of practice. I t is 
k n o w n , for example , t ha t the y ie ld percentage of vine g ra f t s is ve ry low. If t h e 
j o i n i n g of the s tock and scion is def ic ient or does not occur a t all, this is a t t r i -
b u t e d b y m a n y a u t h o r s to t h e mer i s t emat ic incompat ib i l i ty of t h e graf t com-
p o n e n t s . Besides ana tomica l a n d histological factors , howeve r , the concept 
o f incompat ib i l i ty includes t h e physiological a n d biochemical h a r m o n y or dis-
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h a r m o n y of t h e g ra f t componen t s , a ques t ion to w h i c h l i t t le a t t e n t i o n has 
been paid so f a r . 
The complete fus ion of t h e p ro top lasms of t h e s tock and scion is an 
indispensable condi t ion for successful g r a f t p roduc t ion . T h e process t a k e s place 
a t t h e mer i s temat ic level, t h r o u g h callus fo rmat ion b e t w e e n the two c u t sur-
faces . H o r m o n e synthesis a n d t h e induc t ion of a n u m b e r of hydrolyt ic enzymes , 
b o t h of t h e m occurr ing in response to t h e in ju ry , are welk-known p h e n o m e n a . 
Howeve r , no d a t a are ava i lab le as ye t on t h e enzymat ic changes which precede 
a n d a t t e n d t h e ac t iv i ty of t h e fus ing pro top lasms of v i n e callus cells. 
As a f i r s t approach t o t h e problem, knowledge m u s t be acquired of the 
enzymes present in the t issues of the g r a f t components a n d of the qua l i t a t i ve 
and q u a n t i t a t i v e changes wh ich t ake p lace in the e n z y m e s before a n d a f te r 
g ra f t i ng . This was the aim of the inves t iga t ions descr ibed in this p a p e r . 
The ques t ion to he answered was : w h a t s imilar i ty or difference is shown 
b y t h e basal and apical mer i s t ems of scion and s tock var ie t ies in t h e s ta te 
of d o r m a n c y and in the f i r s t per iod of vege ta t ion , as r e g a r d s prote in synthes is 
a n d t h e act ivi t ies of cer ta in nucleic acid-decomposing enzymes . 
Mater ia l and Method 
Comparative studies were m a d e with callus cells from four sc ion varieties (Olasz rizling, 
Rizl ingszi lváni , Hárslevelű and Kékfrankos) and from the clones B e r l a n d i e r i x R i p a r i a T. K . 
5 B B , B e r l a n d i e r i x R i p a r i a T. 5C and Ber land ier ixRipar ia SO 4, which were used as root-
stocks. 
In order to induce callus format ion 6—8 c m long internodes of v ine shoots were placed 
in sterilized plastic boxes b e t w e e n layers of w e t f i l ter paper e v e r y t w o weeks from January 
to the end of June . In a thermos ta t at 28°C callus was formed o n the apical and basal cut 
surfaces of the shoots in two weeks . 
After two weeks the amorphous mass of cal lus formed on t h e surface of the w o u n d was 
r e m o v e d with a scalpel, weighted and washed in t a p water. The so luble cell content was ex-
tracted from the material thus obta ined. 
The cells were homogenized in a mortar w i t h quartz sand i n 0.05 M Tris-HCl buffer 
( p H 7.5) containing 0 .1% ascorbic acid. The suspension was centr i fuged at 8,000 g for 20 min-
utes . The protein content and the Phosphomonoesterase and phosphodiesterase act iv i t ies were 
determined from the supernatant . 
The protein content was determined with Fol in reagent according to LOWKY et al. (1951). 
A s a standard, bov ine serum a lbumin was used. Synthet ic substrates of p-nitrophenyl-phos-
phate were used in measuring the Phosphomonoesterase ac t iv i ty a n d of bis-p-nitrophenyl-
p h o s p h a t e for demonstrat ing the phosphodies terase act ivity. The f i n a l products of the e n z y m e 
react ions were measured w i t h a spec trophotometer at 400 mil l imicrons (UDVABDY et al. 1970, 
WYEN el al. 1971). 
Resul ts 
The change in the soluble p ro te in conten t is one of the charac te r i s t ic 
indices of ac t ive me tabo l i sm. An increase in the c o m p o n e n t s of the p ro top l a sm 
a n d t h e p repa ra t ions for cell division are always preceded b y in tens ive p ro t e in 
synthes is . 
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Fig. 1. Soluble protein contents of callus t issues formed at the apical and basal poles of Olasz-
rizling shoots, mg, 1978 
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Fig. 2. Soluble protein contents of callus t issues formed at the apical and basal poles of Riz-
lingszilváni shoots , mg, 1978 
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Fig. 3. Soluble protein contents of callus t issues formed at the apical and basal poles of 5BB 
shoots, mg, 1978 
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Fig. 4. Soluble protein contents of callus tissues formed at the apical and basal poles of SO 4 
shoots, mg, 1978 
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The p r o t e i n content of t h e callus f o r m e d a t the apical and basal poles 
of the Olasz r iz l ing shoot h a r d l y changed f r o m the end of J a n u a r y to l a t e 
in April; i ts v a l u e ranged b e t w e e n 1 and 3 m g prote in per 1 g fresh weight , 
as seen in F ig . 1. At the beginning of t h e in tens ive vege t a t i on period t h e 
protein syn thes i s in the basa l callus became 4 — 5 t imes g rea te r , bu t slowed 
d o w n at t h e e n d of J u n e . I n t h e same period a min imum (0.1—-0.2 mg/g f r e s h 
weight) a m o u n t of prote in was found in t h e apical callus. I t is wor th n o t i n g 
t h a t in Hárs l eve lű and K é k f r a n k o s the changes were of a s imilar na tu re . 
As for t h e changes in t h e pro te in level of Rizl ingszi lváni , i t was not iceably 
d i f fe rent in c h a r a c t e r f r o m t h o s e of the f o r m e r t ypes (Fig. 2). F r o m J a n u a r y 
to June the p r o t e i n con ten t showed a un i fo rm, sl ightly decreasing t endency . 
A t the beg inn ing of the in tens ive vegeta t ion per iod , in ear ly summer , no r ise 
in the pro te in level of the b a s a l callus was f o u n d . In May and J u n e the p ro t e in 
synthesis in t h e apical callus was reduced in t h i s case too. 
The roo t s t ock 5BB shows the same c h a r a c t e r (Fig. 3). 
In r oo t s t ock SO 4 t h e pro te in-synthes iz ing ac t iv i ty of the root a n d 
shoot poles r e m a i n e d in tens ive unt i l the end of April , t h e n lessened in M a y 
a n d June . T h e changes are shown in Fig. 4. T h e same c h a r a c t e r was f o u n d 




Fig. 5. Phosphomonoesterase activit ies in callus tissues formed at the apical and basal poles 
of Hárslevelű shoots, 1978 
Fig. 6. Phosphomonoesterase activit ies in callus tissues formed at the apical and basal poles 
of 5C shoots, 1978 
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Fig. 7. Phosphodiesterase act iv i t ies in callus t i ssues formed at the apical and basal poles 
of Rizlingszilváni shoots, 1978 
f. 100 
I . 80 « 
Í 
5 6 0 « 
- 10 Cn 
\ 
§ 20 
• X . 
basal cal lus 
apical ca l lus 
< Jan 18 Feb 1 Feb15 M a r l Mar 1 5 ' Mar 22 Apr 11 Apr 25 May 10 May 2 T Jun5 Jun Î 0 
sampling 
Fig. 8. Phosphodiesterase act ivi t ies in callus t issues formed at the apical and basal poles 
of 5BB shoots , 1978 
E n z y m e proteins ca ta lys ing t h e hydroly t ic and syn the t i c processes of 
the cell me tabo l i sm are h ighly reac t ive t o the endogenous r h y t h m of t h e l iving 
organism. I n many cases a qua l i ta t ive or quan t i t a t i ve enzyme i n d u c t i o n m a y 
also occur unde r the in f luence of p a t h o g e n s or on changes in the ecological 
and d e v e l o p m e n t fac to rs ( F I L N E R et al. 1 9 6 9 , MARCUS 1 9 7 1 ) . The a c t i v i t y of 
the Phosphomonoes te rase and phosphodies te rase t a k i n g pa r t as " m a r k e r s " 
in the t r a n s f o r m a t i o n of nucleic acid in termediar ies was followed f r o m this 
point of v i ew. 
I n t h e apical and basal callus t issues of Hárs leve lű very h igh values 
of Phosphomonoes te rase ac t iv i ty were measured in J a n u a r y . At t h e end of 
April t h e enzyme ac t i v i t y increased aga in . The changes are shown in F ig . 5. 
This is p r o b a b l y an ind ica to r of e n e r g y mobil izat ion processes r e l a t e d wi th 
bud b u r s t i n g . In J u n e t h e enzyme a c t i v i t y in the basa l callus was st i l l in ten-
sive, whi le in the apical callus the e n z y m e level was a l ready lower. Changes 
of a s imi lar character were found in t h e callus tissues of Olasz rizling, Rizling-
szilváni a n d Kékf rankos . 
As regards the changes in t h e e n z y m e level of roo ts tock 5C, t h e y were 
no t i ceab ly different f r o m those in t h e scion varieties (Fig. 6). In t ens ive enzyme 
4 Acta Agronomica Academiae Scientiarum Hungaricae 29, 1980 
296 M. К. SZABÓ et al. 
ac t iv i ty was measu red only in J a n u a r y . Subsequen t l y t h e enzyme level fe l l 
pract ical ly t o zero, and i t w a s only a t t h e e n d of J u n e t h a t i t again showed 
a slight increase . The same one-peak curve fo r Phosphomonoes terase a c t i v i t y 
is character is t ic of the callus t i ssues of the o t h e r two roots tock t ypes e x a m i n e d : 
SO 4 and 5 B B . 
In t h e cal lus t issues of Rizl ingszi lváni increased phosphodies te rase 
ac t iv i ty was obse rved a t t h e beginning of J a n u a r y , in mid-March and in l a t e 
Apri l . The c h a n g e s in the e n z y m e ac t iv i ty a re shown in Fig . 7. In May a n d 
J u n e the e n z y m e level fell sha rp ly . Olaszrizl ing, Hárs levelű and K é k f r a n k o s 
shoots showed similar p a t t e r n s of enzyme a c t i v i t y . 
The e n z y m e spectra of 5 B B differs f r o m those of t h e scion variet ies i n 
t h a t the only m a x i m u m is in J a n u a r y (Fig. 8). Dur ing the res t of the per iod 
examined t h e phosphod ies t e rase ac t iv i ty was v e r y low. Similar t rends a r e 
shown by t h e roo t s tocks SO 4 and 5C. 
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VARIA 
GROWTH OF TWO MELILOTUS SPECIES (M. A L B U S D E S R . A N D M. D E N T A T U S 
(W. ET К. ) PERS. ) 
From the point of view of improving the fodder supply the use of Melilotus species 
is promising in Hungary as elsewhere. The cultivation of Melilotus in Hungary was first urged 
by GYÁRFÁS (1922), who found it particularly suitable for replacing other papilionaceous crops 
where those could no longer be grown. Since the thirties its production area has varied between 
3000 and 5000 ha. It has been sown for soil conservation rather than for feeding purposes. 
It can he used for feeding equally well when fresh, as hay and in the form of silage. Al though 
it is not always accepted readily by the animals owing to its coumarin content, once they are 
accustomed to it , it produces good results. According to SUVOHOV (1950) the quality of meli lot , 
if it is cut at the correct t ime, is equal to that of red clover and lucerne, and its digestibility 
is not inferior either. Owing to its high protein content it can he used to increase the protein 
concentration of feeds (BÁRDOSSY 1961). According to WHEELER (1950), on soils where papi-
lionaceous plants have not previously been included in the crop rotation there is no crop 
better than melilot for restoring the fertility of the soil. It is a good honey-hearing plant 
(PÉTER 1972) and can be successfully used to check erosion and to cover banks. 
Since nothing had so far been reported on the growth of melilot, the growth of Melilotus 
albus and M. dentatus were studied in 1977. Hungarian bred cultivars of both species were 
examined; they can be briefly characterized as follows: 
Table 1 
Soil characteristics of the experimental sites 
Exper imen ta l s i te 




H u m u s , 
% 
p H 
H , 0 KCl 
hy 
Mosonmagyaróvár 0 - 20 19.0 3.87 7.6 7.6 2.50 
2 0 - 40 22.4 3.28 7.2 7.2 2.40 
4 0 - 80 15.6 1.77 7.2 7.0 2.50 
8 0 - 1 0 0 8.8 1.43 7.2 6.9 2.60 
1 0 0 - 1 4 0 27.8 0.33 7.8 7.8 0.80 
Kecskemét 0 - 20 0.7 1.35 7.9 6.8 0.70 
2 0 - 70 0.0 0.78 7.7 7.0 0.69 
7 0 - 1 0 0 6.4 0.97 7.6 6.9 1.50 
100—120 29.4 0.59 7.5 6.5 1.14 
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M. albus cv . 'Kecskeméti kétéves fehérvirágú' selected from a Kisújszállás local variety 
is a cultivar w i t h good overwintering ability. Its breeding was started in 1955 by Ferenc Bauer 
and ErnS H a m m e r and it was s ta te registered in 1969. It is a steady biennial cultivar with 
good productivity, characterized b y a medium f ine , long stalk and vigorous growth. It out-
yields the earlier commercial varieties, but its coumarin content is not significantly lower. 
Table 2 
Meteorological data 
Date of sampl ing 
(1977) 
Average 









21 March - 28 March 13.4 — 51 
2 8 March - 5 April 6.1 24 32 
5 April - 12 April 6.5 25 35 
12 April - 18 April 5.6 4 43 
18 April - 25 April 10.1 1 44 
25 April - 2 May 14.0 7 42 
2 May - 9 May 16.7 24 38 
9 May - 16 May 13.1 4 46 
16 May - 23 May 16.6 11 37 
23 May - 30 May 11.9 
— 
80 
30 May - 6 June 13.7 2 61 
6 June - 13 June 19.6 7 69 
13 June - 20 June 22.2 2 68 
20 June - 27 June 18.7 7 51 
27 June - 4 Ju ly 18.6 
— 49 
4 July - 11 Ju ly 20.1 7 46 
11 July - 18 Ju ly 19.6 19 55 
18 July - 25 Ju ly 18.2 14 56 
25 July - 31 J u l y 19.4 1 39 
1 August - 9 August 19.2 8 50 
Kecskemét 
22 March - 6 April 9.9 20 72 
6 April - 19 April 7.3 15 63 
19 April - 3 May 13.5 8 108 
3 May - 17 May 15.8 28 77 
17 May - 31 May 15.7 
-
131 
31 May - 15 June 18.1 — 148 
15 June - 28 June 21.1 30 105 
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Fig. 1. Changes in the R L G R and LAI of first year M. albus and M. dentatus in the growth 
season 
The cultivar is particularly suitable for improving calcareous sandy soils and for f ixing the 
surface of the land. 
M. dentatus cv. 'Szarvasi sárgavirágú' is a cultivar developed at the Research Institute 
for Irrigation, Szarvas, from a Chinese basic population; i t was state registered in 1974. The 
breeder was Gábor Kovács . (Although the National Agricultural Variety Testing Institute 
[OMFI] places it with the species JVf. officinalis Lam., it undoubtedly belongs to M. dentatus.) 
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Table 3 
Equations for weight increase in first year M. albus (1) and in M. dentatus (2) 
Phase Equa t ion 
I Y = 
Y = 
0.002089 e 0 0 7 3 2 X ( l ) 





0.005495 e° °272X (x) 
0.005754 e° °26 7 X (2) 
H I II 
II 
0.016218 e 0 1 0 1 5 x (1) 
0.008709 e 0 1 0 5 7 X (2) 
IV Y = 
Y = 
3.8904 e ° ° 2 8 i x ( l ) 
2.6302 e°°225X(2) 
Y = number of days; X = g 
Table 4 
Changes in the growth parameters of first year M. albus 
(Mosonmagyaróvár, 1977) 
Date of sampl ing 
(1977) 
R o o t 
R Ô f t 
g/g/day 
stem — leaf Tota l 
N A R x 10-« 
g /mm' /day 
L A R 
m m ' / g 
CGR 
stem -f- leaf 
g/day 
21 March - 28 March 0.1181 0.0770 0.0920 0.1831 5,081.9 0 . 0 0 0 1 
28 March - 5 April 0.0898 0.0398 0.0568 0.0988 5,825.2 0 . 0 0 0 1 
5 April - 12 April - 0 . 0 8 1 1 0.0565 0.0066 0.0092 7,286.8 0.0002 
12 April - 18 April 0.0095 - 0 . 0 1 0 5 - 0 . 0 0 5 1 - 0 . 0 0 5 5 9,230.8 - 0 . 0 0 0 0 5 
25 April - 2 May 0.1038 0.1972 0.1786 0.1508 12,617.2 0.0036 
2 May - 9 May 0.1309 0.1317 0.1316 0.0921 14,506.4 0.0073 
9 May - 16 May 0.0411 0.0368 0.0375 0.0259 14,386.9 0.0036 
16 May - 23 May 0.0579 0.1229 0.1146 0.0729 16,166.6 0.0214 
23 May - 30 May 0.2038 0.1264 0.1367 0.0907 14,631.6 0.0528 
30 May - 6 June 0.0741 0.1120 0.1064 0.0964 10,665.2 0.1071 
6 June - 13 June 0.1210 0.0682 0.0764 0.0933 8,069.9 0.1207 
13 June - 20 June 0.0165 0.0343 0.0313 0.0413 7,592.3 0.0864 
20 June - 27 June 0.0630 0.0404 0.0443 0.0599 7,367.7 0.1321 
27 June - 4 July 0.0598 0.0660 0.0649 0.0973 6,620.9 0.3150 
4 July - 11 Ju ly 0.0116 0.0113 0.0113 0.0204 5,571.1 0.0700 
1 1 July - 18 July 0.0582 0.0129 0.0222 0.0466 4,745.2 0.0871 
18 July - 25 Ju ly 0.0592 0.0418 0.0460 0.0967 4,771.6 0.3428 
25 July - 1 August 0.0061 - 0 . 0 3 2 4 - 0 . 0 2 1 6 - 0 . 0 4 6 4 4,677.1 - 0 . 2 7 4 3 
1 August - 8 August 0.0295 0.0520 0.0454 0.1088 4,154.6 0.4728 
Acta Agronomica Academiae Scientiarum Hungaricae 29, 1980 
V A R I A 301 
Fig. 2. Changea in the efficiency of first year M. albus and M. dentatus in the growth season 
I t is an annual, medium high, green stalked, large leaved cultivar. It has medium green dentate 
leaves. As regards productivity i t is inferior to the previously described cultivar, but contains 
considerably less coumarin. It is primarily worth producing for feeding purposes. 
The growth of the stands was observed at Mosonmagyaróvár for M. dentatus and for 
f irst year M. albus, and at Kecskemét for second year M. albus. The soil characterization and 
the meteorological data of the experimental sites are contained in Tables 1 and 2. 
The dates of sample taking are given in Table 2. The plants were removed from a depth 
o f 20 cm. The plant number per m 2 was 450 for M. albus (first year), 280 for M. dentatus and 
140 for M. albus (second year). Shoots (stalk + leaf) and roots were weighed separately, after 
drying at 80°C. The leaf area was determined by measuring on graph paper 5 lower, 5 medium 
and 5 upper leaves of a plant with average development and by weighing the leaves. From 
the weight of the total leaves of the plant the total leaf area was calculated. The leaf area 
values refer to one side of the leaf blade. 
Of the growth characters the RGR, N A R , LAR, RLGR, LAI and CGR are given. 
RGR is given for root (RGRr0ot), s tem + leaf (RGRstem) and root + s tem -f- leaf (RGRtotal)» 
while CGR is only given for stem + leaf. Eff ic iency was examined by the method described 
by PRÉCSÉNYI et al. (1977). 
First year growth. In the increase of total weight (per plant) of M. albus and M. denta-
tus four phases were distinguished: phase I: 21st March—5th April; phase II: 5th April— 
25th April; phase III: 25th April—20th June; phase TV: 20th June—8th August. 
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Table 5 
Changea in the growth parameters of M. dentatus 
(Mosonmagyaróvár, 1977) 
D a t e of sampling 
(1977) Root 
R Ó R 
(g/g/day) 
s tem + leaf Tota l 
N A R x l O - « 
g /mmt /day 
L A R 
mm' /g 
CGR 
s tem • leaf 
g /day 
21 March — 28 March 0.0769 0.0730 0.0742 0.1591 4.915.2 0.0001 
28 March — 5 April 0.1373 0.0142 0.0684 0.1413 4.752.5 0.00004 
5 April — 12 April - 0 . 0 5 2 1 0.0509 0.0022 0.0040 5.581.4 0.0002 
12 April — 18 April - 0 . 0 3 7 2 0.0469 0.0193 0.0282 6.847.8 0.0002 
18 April — 25 April 0.0007 0.0756 0.0598 0.0074 8.342.4 0.0005 
25 April — 2 May 0.0847 0.1169 0.1113 0.1042 11.019.8 0.0016 
2 May - 9 May 0.1167 0.0687 0.0774 0.0593 13.282.7 0.0018 
9 May - 16 May 0.1055 0.1283 0.1238 0.0795 15.939.8 0.0068 
16 May - 23 May 0.0681 0.0945 0.0901 0.0610 14.480.7 0.0108 
23 May - 30 May 0.1038 0.1520 0.1455 0.1186 12.022.8 0.0426 
30 May — 6 June 0.0411 0.0542 0.0527 0.0478 10.973.8 0.0300 
6 June - 13 June 0.0747 0.0801 0.0795 0.0780 10.131.5 0.0714 
13 June - 20 June 0.0963 0.0948 0.0949 0.1181 7.804.5 0.1567 
20 June - 27 June 0.0247 0.0434 0.0415 0.0657 6.290.5 0.1147 
27 June — 4 July 0.0444 0.0175 0.0202 0.0316 6.432.2 0.0571 
4 July — 11 July 0.0244 0.0308 0.0301 0.0533 5.646.4 0.1193 
11 July - 18 July 0.0108 0.0042 0.0049 0.0100 4.957.4 0.0185 
18 July - 25 July 0.0216 0.0387 0.0369 0.0777 4.727.9 0.1971 
25 July - 1 August - 0 . 0 2 1 6 - 0 . 0 0 2 6 - 0 . 0 0 4 5 —0.0100 4.485.6 - 0 . 0 1 5 0 
1 August — 8 August 0.0344 0.0627 0.0605 0.1319 4.586.7 0.4493 
Table 6 
Correlations between the growth parameters of first year M. albus and M. dentatus 
(Mosonmagyaróvár, 1977) 
Growth pa ramete r 
Г 
R G R root 0.630** 
stem -г leaf 0.585** 
total 0.672** 




CGR stem - - leaf 0.919*** 
i 
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Fig. 3. Changes in the 
In phases I, II and IV, as can be seen in Table 3, M. albus showed a somewhat faster 
weight increase than jVf. dentatus, though the exponents are very close to one another. 
L A R and CGR in M. albus are higher than in M. dentatus. As regards leaf area per 
plant M. albus exceeds M. dentatus in every case. When LAI is taken into account the differ-
ence in favour of M. albus is even greater, owing to the difference in plant number (Tables 
4 and 5; Fig. 1). 
In f irst year M. albus and in M. dentatus close positive correlations were found between 
LAI, LAR and CGRstem+leaf- Correlations between the other characters, while also posit ive, 
were less close (Table 6). For the other features examined there was no difference between 
the two species. 
Of the climatological factors the average temperature was in positive significant cor-
relation wi th LAI and CGR. LAI showed a somewhat closer correlation with the average 
temperature (0.8) than CGR (0.6—0.7). A significant positive correlation was also found 
between CGR and the average number of sunshine hours. The other growth parameters exam-
ined showed no correlation with the climatological factors studied. (The negative correlation 
between the RLGR of M. albus and the average temperature hardly reached the 5% level 
of significance; Table 7). 
\ 
\ / V 
1 1 1 1 — 
22. Ш . 19. IV. 17. V. 15. VI. 
LAI, RLGR, CGR and efficiency of second-year M. albus in the growth 
season 
Efficiency (%] 
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Table 7 




Root etem -f- leaf Total 
Melilotus albus °c - 0 . 0 0 6 - 0 . 2 5 5 - 0 . 2 0 3 
(first year) mm - 0 . 1 6 2 - 0 . 0 8 8 - 0 . 1 7 6 
h 
— 
- 0 . 0 5 0 0.052 
Melilotus dentatus °C - 0 . 0 3 4 - 0 . 1 1 6 - 0 . 0 7 2 




Melilotus albus °C 0.464 - 0 . 3 2 1 - 0 . 0 7 1 
(second year) mm 0.500 0.286 0.232 
h — - 0 . 1 7 8 0.036 
°C = mean temperature 
mm = amount of precipitation 
h = average number of sunshine hours 
First year M. albus and M. dentatus hardly differ in average efficiency (Fig. 2). 
Second year growth of M. albus. In the case of second year M. albus phases were not 
distinguished in the total weight increase (partly because of the small number of samples). 
T h e weight increase can be expressed by the equation Y = 2.215e°'0423x. Of the climatological 
Table 8 
Growth parameters of second year M. albus 
(Kecskemét, 1977) 




stem leaf Total 




2 2 March - 6 April — 0 . 0 2 6 0 0 . 0 2 9 2 0 . 0 0 0 0 0 . 0 0 0 0 6 . 0 3 8 . 7 1 
6 April - 1 9 April 0 . 0 1 0 5 0 . 0 8 0 2 0 . 0 5 8 0 0 . 0 6 4 1 9 . 2 0 3 . 3 1 
1 9 April - 3 May 0 . 0 3 3 4 0 . 0 3 2 7 0 . 0 3 2 8 0 . 0 3 8 7 8 . 3 6 5 . 4 1 
3 May - 1 7 May 0 . 0 4 5 2 0 . 0 7 9 5 0 . 0 7 2 7 0 . 0 8 8 7 8 . 3 6 5 . 5 4 
1 7 May - 3 1 May 0 . 0 2 6 2 0 . 0 5 7 8 0 . 0 5 3 5 0 . 0 6 7 1 7 . 8 5 0 . 7 7 
3 1 May - 1 5 June 0 . 0 0 5 5 0 . 0 1 4 1 0 . 0 1 3 2 0 . 0 2 5 7 5 . 2 8 1 . 1 2 
1 5 June - 2 8 June 0 . 0 4 7 7 0 . 0 4 4 8 0 . 0 4 5 1 0 . 1 9 6 7 2 . 2 3 7 . 7 7 
factors, the average number of sunshine hours was in close positive correlation with LAI, and 
the average temperature with LAI and CGR. None of the other growth characters examined 
showed any correlation with the climatological factors considered (Table 7). The parameters 
for the second year's growth are shown in Table 8 and Fig. 3. 
The average efficiency is about the same for second year M. albus, first year M. albus 
and JVf. dentatus. 
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parameters and climatic factors 
LAI 
CGR 
NAR LAR RLGR stem + leaf 
- 0 . 0 1 6 - 0 . 4 0 6 — 0 . 4 5 5 * 0 . 8 1 5 * * * 0 . 6 3 7 * * 
- 0 . 0 7 9 - 0 . 1 1 5 0 . 0 1 8 - 0 . 0 2 5 0 . 0 9 5 
0 . 1 0 7 - 0 . 0 6 6 - 0 . 1 9 8 0 . 3 6 0 0 . 5 5 5 * 
0 . 0 4 9 - 0 . 2 4 3 — 0 . 3 4 5 0 . 8 2 1 * * « 0 . 6 7 8 * * * 
- 0 . 0 5 9 - 0 . 1 4 3 - 0 . 2 0 6 - 0 . 0 1 1 0 . 0 5 2 
0 . 2 6 1 0 . 0 2 2 - 0 . 0 7 9 0 . 3 6 9 0 . 6 0 7 * * 
0 . 4 6 4 - 0 . 7 5 0 - 0 . 6 7 8 0 . 8 5 7 * 0 . 7 8 6 * 
0 . 4 8 2 0 . 0 7 1 0 . 3 3 9 - 0 . 4 1 1 0 . 1 7 8 
0 . 3 2 1 — 0 . 4 2 8 - 0 . 6 4 3 0 . 9 2 8 * * 0 . 6 7 8 
* = significant at the 5% level 
** = significant at the 1% level 
*** = significant at the 0.1% level 
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EVOLUTION OF WHEAT (TRITICUM L.) I N RESPECT TO RECENT R E S E A R C H 
As is weH known, there are many cult ivated varieties of common wheat (T. aestivum L.) , 
but its evolut ionary genetics is n o t completely clear. At present i t is not certain which diploid 
species are invo lved in the synthesis of this hexaploid wheat, and how the genomes of the 
progenitor species have changed during evolution. 
Systematic ists have determined that the donor of genome A in hexaploid wheat is 
a diploid w h e a t . Earlier T. monococcum ssp. boeoticum was considered to be the mos t ancient 
wheat, but n o w i t is supposed tha t T. urartu is the oldest. Caryologically T. urartu does not 
differ considerably from the other diploid wheats (GIORGI-—BOZZINI 1969), but the protein 
patterns were demonstrated to be different (JOHNSON 1975, KONAREV 1975, KONAREV— 
PENEVA 1975). Similarly to the results of JAASKA (1974) with electrophoresis on Polyacrylamide 
gels (PAGE), the authors also found certain differences in the esterase spectra obtained by 
analytical isoelectrofocussing ( I E F P A ) (Fig. 1). This finding is also supported by the hetero-
chromatic s ta ining technique (HCST) used in our laboratory, that greatly enhances chromo-
some identification. 
The dissimilar banding of the chromosomes implies that the formation of T. urartu 
and T. monococcum ssp. boeoticum was a parallel process. According to GUBABEVA et al. (1975), 
genome A in T. timopheevi originated from T. monococcum ssp. boeoticum and the source of 
genome A in other tetraploid wheats is T. urartu (Fig. 2). This conception seems to he quite 
plausible on t h e basis of our other data, too, which showed that T. monococcum ssp. boeoticum 
i s resistant t o leaf and stem rust , while T. urartu is sensitive to these diseases. 
Recent ly some authors have again proposed the earlier concept that the tetraploids 
may have originated by autoploidy. JOHNSON (1975) , on the basis of electrophoretic pat terns 
of seed proteins, suggested that T. urartu might be the source of genome В (Fig. 3). The second. 
iso-esterase 
PH 
Fig. 1. Diagrammatic representation of the IEPPA esterase zymograms 
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Fig. 2. Origin of wheat and i t s relationship according to GUBAREVA et al. 1975 
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Fig. 3. Origin of wheat and i t s relationship according to JOHNSON 1975 
parental species, according to this hypothes i s , is T. monococcum ssp. boeoticum (genome A) . 
S imilar v iews are shared b y DHALIWAL (1976) too. B y m e a n s of HCST i t has been found t h a t 
the banding of A g e n o m e chromosomes is not ident ical to that of В g e n o m e chromosomes . 
F r o m genome B, propert ies which T. urartu does not possess (e.g. better adaptabi l i ty , disease 
res istance, powerful vege ta t ive deve lopment , higher chlorophyl l content and product iv i ty , 
e tc . ) were transferred to emmer w h e a t b y addition. Therefore, i t is un l ike ly that T. urartu 
could be the donor of genome B. 
The probabi l i ty of the autotetraploid origin of tetraploid wheat is diminished further 
b y our observations t h a t the artif ically produced autotetraploid T. monococcum ( A A A A ) , 
in spite of its 2 n = 2 8 chromosome number , seems morphological ly to be closer to T. mono-
coccum than to the T. turgidum ssp. dicoccoides. The autotetraplo id T. monococcum differs f rom 
the starting species o n l y in its slower deve lopment , darker green leaves, bigger ears and higher 
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Fig. 4. Densitometer tracings of I E F P A esterase zymograms of T. monococcum (AA and AAAA) 
and T. turgidum ssp. dicoccoides (AABB) 
1000 kernel weight (BELEA 1969). There is no difference in the I E F P A esterase spectra of 
diploid and autotetraploid T. monococcum either (Fig. 4). 
Regarding the origin of genome B , many contraversial ideas exist. For example , MAC-
FADDEN—SEARS (1944) proposed that genome В originated from Agropyron triticeum. Later 
SEARS (1956) suggested that it come from Ac. bicornis. PATHAK (1940) and later RILEY— 
CHAPMAN (1958) proposed the most widely accepted theory, according to which Ae. speltoides 
is the donor of genome B. 
As is well known, there is experimental evidence against this theory. MAAN—LÜCKEN 
(1971) have shown the different character of the cytoplasmic male sterility of Ae. speltoides. 
JOHNSON'S (1975) data on the electrophoretic protein pattern and the banding of chromosomes 
obtained in our laboratory by HCST, are incompatible with this supposition. Each chromo-
some of A. speltoides has intensive heterochromatic staining, but the chromosomes of T. turgi-
dum do not show such intensive banding. The marker chromosome of genome В could not 
be found in either Ae. speltoides (Fig. 5; HADLACZKY—BELEA 1975), nor in Ae. longissima 
(Fig. 6). The comparison of I E F P A esterase spectra of different Ae. speltoides lines w i t h those 
of tetraploid wheats do not support the "speltoides" hypothesis either. 
It is possible, of course, that the donor of genome В is a still unknown, or already ex-
tinct variety of Ae. speltoides. It is also possible that other diploid Aegilops species are respon-
sible for the addition of genome B, or perhaps that genome В was synthesized as a result 
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Fig. 5. Giemsa C-banding of Ae. speltoides. a) Differential staining patterns of the mitot ic 
chromosomes in metaphase; b) heterochromatin in interphase from root-tip meristem 
of repeated intercrosses between species with different genomes wi thout a substantial con-
stitutional change in genome A. 
As regards Ae. mutica as a possible donor of genome B, it was observed that two satel-
lited chromosomes of this species are very similar to the chromosomes I B and 6B of tetraploid 
wheat. In the meiosis of F, progeny of the cross Ae. muticaXT. turgidum ssp. carthlicum the 
chromosome conjugation 711 + 71 was found wi th the highest frequency, and б" + 91 with 
a lower frequency (Table 1). According to these data, genome M of Ae. mutica and genome В 
of tetraploid wheat are homoeologous. Much less homoeology exists between genomes A and 
M, since in the Fj hybrids of Ae. muticaXT. monococcum pairing of chromosomes hardly 
occurred. 
The origin of genome G, which differs from genome В and caused the genetic isolation 
of T. timopheevi, is also unknown. On the basis of the analysis of chromosome pairing (SHANDS— 
KIMBER 1973), and of the character of cytoplasmic male sterility (MAAN—LÜCKEN 1971, 
SUEMOTO 1973) it was recently suggested that Ae. speltoides could be the donor of genome G. 
The results of chromosome analysis by HCST failed to support this v i e w (Fig. 7). The chromo-
some banding of the two species is not identical, although greater similarity has been observed 
between genome S of Ae. speltoides and genome G of T. timopheevi, than between genomes S 
and В of T. turgidum (Fig. 8). Finally, the geographic distribution of the tetraploid wheat 
Table 1 








































Ae. mutica X T. tur-
gidum ssp. carthli-
cum 21 80 1 3 52 15 2 1 2 1 3 
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species and the recent cytological and biochemical data confirm that T. timopheevi originated 
in some other w a y . 
The hexaploid level also contains two natural groups: T . zhukovskyi (AAG) and T . aesti-
vum (ABD). The electrophoretic esterase zymograms also support the v i e w that T. zhukovskyi 
Fig. 6. Giemsa C-banding of Ae. longissima 
Fig. 7. Giemsa C-banding of T. timopheevi 
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Fig. 8. Giemsa C-banding of T. turgidum. a) Chromosomes from root-tip meristem. The 
arrows denote the marker chromosomes of the В genome; b) the marker chromosome pair 
in the В genome 
E-1 ESTERASE 
- 0 © 0 ^ 0 © - © 
I timonovum T.zhukovskyi T.monococcum T.iimopheevi 
Fig. 9. PAGE esterase zymograms of T. timopheevi, T. monococcum, T. timopheevi X T. mono-
coccum amphiploid (T. timonovum) and T. zhukovskyi 
arose by spontaneous amphiploidy of T. monococcum and T. timopheevi. The spectra of the 
so-called "fast moving" (EI) esterases of the amphiploid T. monococcumXT. timopheevi com-
pletely conform to the spectra of T. zhukovskyi (Fig. 9). 
There is no doubt of the important role of Ae. squarrosa in the formation of the T. aesti-
vum group, since this is the donor of genome D to hexaploid wheat. This view is strongly sup-
ported by the data of chromosome pairing (RILEY—CHAPMAN 1960). MACFADDEN—SEARS 
(1914) and KIHARA—LILIENFELD (1949) were able to select T. aestivum ssp. spelta (ABD) 
from the F2 progeny of the synthetic amphiploids T. turgidum ssp. dicoccoides or T. turgidum 
ssp. dicoccumX Ae. squarrosa. 
With HCST all the chromosomes of Ae. squarrosa showed a characteristic staining 
pattern which is identical with that of the chromosomes in genome D (Fig. 10). The charac-
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Fig. 10. Giemsa C-banding of Ae. squarrosa marker chromosomes 
teristic staining patterns of the most striking marker chromosomes are as follows: On the short 
arm of chromosome 7 D (1) there is a prominent terminal hand, and under it a t iny hetero-
chromatic spot. On the long arm ( 7 D l ) under the centromere, which is poor in heterochroma-
tin, there are two spots . The heterochromatic region of two-thirds of the arm is stained very 
intensively. 
The satellite of the 2D (2) chromosome and the double band at the terminal end of its 
shorter arm are intensively stained. A b o v e the centromere there is a characteristic spot, and 
on the 2 D l arm a double terminal band. 
On the chromosome arm 5 D l (6) there is an intensively stained interstitial band. The 
centromere remain unstained. Chromosome 6D (7) is the richest in heterochromatin and is 
easi ly recognisable b y i ts very intensively stained terminal heterochromatin. 
According to our data, not only the Aegilops species containing genome D (A. cylin-
drica = CD, and Ae. crassa = DM e r) , b u t also other tetraploid Aegilops species (e.g. Ae. 
triuncialis — CCU, Ae. ovata = CUM°, Ae. biuncialis — CUM, Ae. triaristata — С"М*) are 
substantially more readi ly crossed with hexaploid wheat (T. aestivum ssp. aestivum, ssp. spelta, 
ssp. macha, ssp. sphaerococcum, etc.) t h a n with tetraploids ( T . turgidum ssp. turgidum, ssp. 
dicoccum,sssp. carthlicum, conv. durum, etc.) (Table 2). The chromosome pairing between the 
С and D genomes of these Aegilops species and genome D of bexaploid wheat was also much 
better (Table 3). For example, in the meiosis of the Fj progeny of the Ae. cylindricaX T. aesti-
vum cross, the chromosome conjugations 71" + 211, 10" -+ 131 were observed most frequently. 
The picture in the meiosis of F t hybrids of the crosses Ae. cylindricaXT. aestivum ssp. vavilovi 
and Ae. biuncialisXT. aestivum was similar. The occurrence of trivalente and quadrivalents 
was observed at quite a high frequency, mainly in the cross Ae. triuncialisXT. aestivum. 
GOKGIDZE (1971) studied the possible role of Ae. ovata in the evolution of hexaploid 
wheat by analysing the cross T. turgidum ssp. dicoccoidesxAe. ovata. For the same purpose 
the authors have produced amphiploid Ae.ovataXT. turgidum ssp. carthlicum (AABBCUCUM°M°). 
In the F 2 —F 3 progeny no segregants similar to cultivated wheat have been observed. The 
data obtained by HCST also failed to support the homology of the whole genome of the tetra-
ploid Aegilops species (Ae. biuncialis, Ae. ovata, etc.) wi th genome D of hexaploid wheat. 
For the time being the origin of T. aestivum, one of the most important crops for 
humani ty , is not properly known. PERCEVAL'S (1921) so-called "Aegilops hypothesis" was 
the m o s t widely accepted for a long time. According to this hypothesis, T. aestivum is a reduced 
amphiploid of T. turgidum ssp. dicoccumXAe. cylindrica; but later, on the basis of the accu-
mulated experimental data, this hypothesis proved to he unacceptable. 
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Table 2 
Crossing data of different tetraploid Aegilops species to the tetraploid and hexaploid wheats 
Combinat ion 
N u m b e r of 
flowers crossed 




Ae. cylindrica X tetraploid wheat 1303 5.7 51.2 
reciprocal 378 2.9 36.4 
Ae. crassa X tetraploid wheat 464 5.4 42.9 
reciprocal 40 0.0 0.0 
Ae. ovata X tetraploid wheat 1282 9.6 54.8 
reciprocal 712 0.0 0.0 
Ae. biuncialisX tetraploid wheat 40 7.5 33.3 
Ae. triuncialisX tetraploid wheat 944 4.4 44.2 
Ae. triaristata X tetraploid wheat 168 1.7 0.0 
4x AegilopsX 4x Triticum 4201 5.7 37.7 
4x TriticumX 4x Aegilops 1130 0.9 12.1 
Ae. cylindrica X hexaploid wheat 2788 23.3 59.2 
Ae. crassa X hexaploid wheat 128 25.7 66.6 
Ae. ovata X hexaploid wheat 2429 11.9 29.9 
Ae. biuncialisX hexaploid wheat 340 9.2 36.8 
Ae. triuncialis X hexaploid wheat 1627 6.2 27.7 
Ae. ventricosa X hexaploid wheat 48 14.5 71.4 
4x AegilopsX 6x Triticum 7360 15.1 48.6 
SEARS (1956b) suggested three possibilities for the origin of T. aestivum: a) by amphi-
ploidy from T. lurgidum ssp. carthlicumXAe. squarrosa, b) through segregation from T. aesti-
vum ssp. speltaXT. lurgidum ssp. carthlicum, and c) as a result of a mutation in T. aestivum 
ssp. spelta. The authors suggest that all three ways of evolution might be possible. Moreover, 
other evolutionary processes could also have played a role in the formation of common wheat. 
In our experiments, the F2 progeny of the cross T. aestivum ssp. speltaX T. lurgidum ssp. 
carthlicum contained not only squarehead and compactoid sterile segregants, but also plants 
of the constant T. aestivum type. They were identical with cultivated wheat in every respect 
(morphological, cytological, genetical, etc. characteristics), moreover, their seed setting was 
the same as is usually observed in crosses between varieties, and the progeny was entirely 
fertile (BELEA 1971). MAC KEY (1975) also considers the possibility that T. aestivum arose 
from T. aestivum ssp. spelta. The two species differ only in the presence of factor q, which 
is located on the 5A chromosome and is responsible for the naked seed. 
But since at present T. aestivum ssp. spelta is considered to he younger than T. aestivum, 
it is possible that i t enriched the variability of common wheat at a later time. Natural ly , 
T. aestivum ssp. spelta could also have arisen by mutation from T. aestivum (SWAMLNATHAN 
1963). Depending on the weather conditions, the authors have obtained speltoid plants in 
a field population of T. aestivum, as have others (e.g. LELLEY—BAJHÁTHY 1955). 
It is very probable that the extraordinarily high adaptability and great variability 
of hexaploid wheat, mainly of T. aestivum, is due to its polyphyletic origin, to genome D of 
Ae. squarrosa, and to the conscious activity of man. Under totally new environmental and 
ecological conditions, only the individuals with the greatest vitality survived, while all the 
other plants of a given population perished. The diploid species adapted themselves to a def i -
nite environment, hut the alloploids, which contain genomes from species wi th different eco-
logical demands, had acquired higher adaptability. 
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Chromosome pairing in the meiosis of tetraploid AegilopsXhexaploid Triticum F, 
Combina t ion 
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Ae. cylind. X c o n v . vuv. 31 35 100 3 2 7 8 10 1 
Ae. cylind. X T. aest. 97 35 83.5 2 2 13 15 3 4 14 25 6 
Ae. cylind. X T. aest. 97 36 7.2 2 4 î 
Ae. cylind. X T. aest. 97 37 7.2 6 1 
Ae. biunc. X T. aest. 83 35 92.8 3 6 15 13 9 28 3 
Ae. biunc. X T. aest. 83 36 6.0 3 2 
Ae. biunc. X T. aest. 83 37 1.2 1 
Ae. triune. X T. aest. 171 35 84.8 4 5 2 3 4 2 6 2 2 48 69 
Ae. triune. X T. aest. 171 36 7.6 1 4 8 
Ae. triune. X T. aest. 171 37 2.9 4 1 
Ae. triune. X T. aest. 171 34 4.7 8 
VARIA 3 1 5 
As is seen from the above discussion, the origin of different w h e a t species, and m a i n l y 
t h a t of T. aestivum, is not sat isfactori ly clear. In spite of the tremendous quant i ty of exper i -
mental data , which seem to h a v e solved m a n y important questions, there is still a lot of w o r k 
to be done in clarifying the natural systemat ics , origin and relationships of the wheat spec ies . 
* 
Prepared at the Ins t i tute of Genetics, Biological Research Centre of the H u n g a r i a n 
A c a d e m y of Sciences, Szeged. 
A . BELEA, O. FEJÉR 
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R E S U L T S A N D OBJECTIVES O F W I N T E R W H E A T B R E E D I N G AT M A R T O N V Á S Á R 
The Martonvásár wheat breeding group, w h i c h was set u p in the middle of the f i f t ies , 
i s working in a period when w h e a t production is deve loping at a rate never before experienced, 
as i l lustrated i n Table 1. Over t h e past f i f teen years the Hungarian w h e a t yields have doubled, 
or even tr ipled i n good farms. A s a consequence of the rapid d e v e l o p m e n t a dif ferent type 
of wheat is ca l l ed for in each successive decade. Varieties soon b e c o m e out -of -date ; t oday 
the average l i f e t i m e of a wheat v a r i e t y is 5—6 years . 
Since 1971 the results of w h e a t breeding a t Martonvásár h a v e appeared cont inuous ly . 
The first success fu l crossings were performed a t t h e beginning of t h e sixties, and in 1969 an 
Table 1 
Yield average of winter wheat 
in Hungary 
1 9 6 1 — 6 5 18.6 
1 9 6 6 - 7 0 2 4 . 8 
1 9 7 1 - 7 5 3 3 . 2 
1976 3 8 . 8 
1977 4 0 . 5 
1978 4 2 . 8 
application for s ta t e certification w a s made for t h e f irst experimentals resulting f rom these 
crosses. State certif ication has so far been granted to a total of 8 Martonvásár wheats , and 
a further 9 exper imenta ls are n o w being tested in national variety trials. 
The w h e a t breeding is a i m e d at producing h i g h yielding, winter hardy varieties of excel-
lent quality, res i s tant to drought, powdery mi ldew and stem and leaf rust, which ass imilate 
economically a n d are suitable for mechanical harves t ing (RAJKI 1960, BALTA 1968, SzUNics 
1973, KOLTAY—BALLA (1975). T h e objectives are mod i f i ed and modernized from t ime to t ime 
according to t h e trend of d e v e l o p m e n t in wheat product ion (BALLA 1978). The 3 0 — 3 5 q /ha 
y ie ld initially s e t as a breeding ob jec t i ve has thus b e c o m e 80—100 q /ha. Great efforts are made 
t o shorten the s t r a w , that is, to produce semidwarf variet ies , to increase the amount of protein 
and improve t h e amino acid compos i t ion , to achieve adaptabi l i ty to di f ferent ecological condi-
t ions and obta in posit ive responses to various m e t h o d s of production technology and fertil iza-
t ion, and to increase tolerance to monoculture and resistance to diseases ( F u s a r i u m sp. , Cerco-
sporella and Ophiobolus, Puccinia striiformis, v iruses) . 
Since 1 9 7 4 the phytotron technique has successful ly been used in wheat breeding; 
three generations are raised every year in this w a y for the purpose of crossing. In general, 
complicated h y b r i d s are produced us ing the method developed at Martonvásár, and the hybrid 
material is o n l y t e s t e d in the f i e ld w h e n all the desirable agronomical characters h a v e been 
"bui l t in" to t h e population. Se lec t ion is carried o u t in the F2 and F 3 generation. A f t e r four 
years of test ing t h e best lines are t e s t e d first in local trials, then in nat ional variety trials, and 
a t the same t i m e the repeated se lec t ion of the popula t ions is begun. During the four years 
o f testing the w i n t e r hardiness of t h e lines is de termined in the phyto tron , and their qual i ty , 
disease resistance a n d other agronomical properties are tested under f ie ld conditions. 
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At present two teams are engaged in wheat breeding at the Martonvásár institute, 
the fodder wheat breeding group, which produced the variety Martonvásár 8 (SZILÁGYI 1978), 
and the wheat breeding group which has produced all the other Martonvásár varieties and 
the experimentals currently being tested in national variety trials. 
Productivity. As a result of the wheat breeding carried out at Martonvásár so far, the 
first three varieties (Martonvásár 1, Martonvásár 2 and Martonvásár 3) reached the level 
of Bezostaya 1, the best variety at the t ime they were qualified (Table 2). Of these varieties 
Martonvásár 1, which was given special recognition in 1976, is commercially produced at 
present. State certification for Martonvásár 2 and Martonvásár 3 was withdrawn in 1976 when 
the new experimentals which appeared proved to be better. 
The subsequent varieties, Martonvásár 4, Martonvásár 5 and Martonvásár 6, were even 
better than the earlier ones. Martonvásár 4 in particular was a great success; in 1977 it became 
the standard of the early group and was given special recognition in 1978. The original forms 
of Martonvásár 5 and 6 were not completely uniform, so improved forms have been produced 
b y selection, and these are now being propagated and tested. These varieties have considerably 
shorter stems, are more resistant to lodging and give a more reliable yield, while their other 
properties are similar to those of the original population. 
The Martonvásár wheat varieties have also done well in the national variety trials. 
The 1978 results are shown in Table 3. 
The Martonvásár varieties were tested in the midseason maturity group where Jubi-
leinaya 50 is the standard. The first seven places in the trial were taken b y Martonvásár 
varieties or experimentals. Of these, Martonvásár 8, Mv 22-77, Mv 06-77, Mv 07-77, Mv 06-75 
and Martonvásár 7 significantly surpassed the standard variety Jubileinaya 50. The trial also 
revealed that the variety Martonvásár 4 is significantly better (this year 8.7% better) than 
Jubileinaya 50 as regards productivity. These yields mean that the best Martonvásár varieties 
and experimentals tested in the midseason maturity group reached or even surpassed the level 
of the highest yielding early varieties; at the same time they are winter hardy, of good quality, 
and more resistant to lodging than the early varieties. 
Table 2 
Productivity of Martonvásár wheats 
(Martonvásár, 1 9 7 2 - 1 9 7 8 ) 
Variety 
1972 1973 1974 1975 1976 1977 1978 Average % 
yield, q /ha 
Bezostaya 1 41.8 63.3 61.8 40.4 69.1 57.5 52.5 55.2 100.0 
Martonvásár 1 44.3 68.2 68.1 53.2 74.6 55.3 55.9 59.9 108.5 
Martonvásár 2 47.5 66.7 66.1 43.9 61.9 56.8 47.1 55.7 100.9 
Martonvásár 3 46.9 63.4 61.3 45.4 62.6 58.4 48.8 55.3 100.2 
Martonvásár 4 53.7 70.3 58.2 53.8 82.9 62.7 61.2 63.3 114.7 
Martonvásár 5 50.1 70.5 65.5 59.0 78.9 64.4 56.4 63.5 115.0 
Martonvásár 6 69.9 69.3 72.3 57.8 77.1 58.7 62.2 66.7 120.8 
Martonvásár 7 
-
67.5 79.4 51.7 75.3 62.6 65.7 67.0 121.4 
LSDs% 3.1 4.0 5.4 5.9 4.0 5.2 6.2 
Number of replications: 6. 
Plot size: 20 m2 . 
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Table 3 
Yields of midseason Martonvásár wheat varieties 
and experimentals in the national variety trials 
(1978 data of the National Agricultural Variety Testing Institute) 
Var ie ty 
Yield 
4/ba j % 
Mv 103 experimental 64.3 113.8 
Mv 22-77 experimental 62.1 109.9 
Mv 06-77 experimental 61.7 109.2 
Martonvásár 4 61.4 108.7 
Mv 07-77 experimental 60.6 107.3 
Mv 06-75 experimental 59.7 105.7 
Mv 11-75 experimental 59.5 105.3 
GK 11-77 experimental 58.5 103.5 
Mv 18-77 experimental 57.6 101.9 
Rivoli (French) 57.5 101.8 
Sadovo (Bulgarian) 57.5 101.8 
Levent (Bulgarian) 56.5 100.0 
Jubileinaya 50 (Soviet) 56.5 100.0 
Mv 27-74 experimental 55.2 97.7 
Ludogorka (Bulgarian) 55.2 97.7 
Martonvásár 5 55.0 97.3 
Martonvásár 1 54.7 96.8 
Martonvásár 6 54.5 96.5 
Partizanka (Yugoslav) 53.9 95.4 
Bezostaya 1 (Soviet) 52.4 92.7 
Wattines (French) 51.6 91.3 
Average 57.4 
LSD5o/o 2.8 
Number of stations 15 
Note: In 1978 Mv 11-75 was certified under the name Martonvásár 7, and Mv 103 as Marton-
vásár 8. 
The yield results achieved by experimentals bred at Martonvásár in recent years are 
contained in Table 4. The experimentals submitted for qualification in 1977 and 1978, respec-
tively, form two separate groups; the former were tested for three and the latter for two years 
in replicated experiments at Martonvásár and at six experimental stations of the National 
Agricultural Variety Testing Institute. 
The new experimentals are high yielding and give a good response to fertilization. They 
look as though they may be capable of producing 100 q/ha. 
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Mechanical harvesting. Lodging represents one of t h e greatest problems of wheat pro-
duct ion i n Hungary. T h e a im to produce short-strawed semidwarf varieties w a s set at the v e r y 
beginning , but it has o n l y been attained gradually. The he ight of the f irst experimentals w a s 
similar to that of B e z o s t a y a 1 (90—95 cm) , but owing to their better fertil izer responses 
increasing rates of fert i l izat ion have resu l ted in them reaching or even exceed ing 100 c m . 
H o w e v e r , the improved Martonvásár 6, Martonvásár 7 and Martonvásár 8 varieties s h o w 
a gradual change for t h e better, and u p to a yield level of 60-65 q they do n o t lodge. 
Sti l l more res i s tant to lodging are the experimentals submitted for qualif ication in 
1977 a n d 1978; in t h e former group t h e s traw is shorter b y 10—15 cm a n d in the latter b y 
3 0 — 3 5 c m compared t o t h a t of B e z o s t a y a 1 (Table 5). T h e latter did n o t l odge even in t h e 
s t o r m y year of 1978. According to our present knowledge 75—80 cm can b e considered t h e 
o p t i m u m height for w h e a t plants. S t r a w shorter than th i s is only jus t i f i ed under irrigated 
condi t ions , if at all. T h e aim when shorten ing the s traw is to f ind the o p t i m u m length t h a t 
renders mechanical harves t ing possible, does not result in a reduction of individual produc-
t i v i t y a n d adaptabi l i ty , but is tall and dense enough to suppress the weeds . Although w e e d s 
can b e chemically control led, herbicides distributed i n April before s h o o t i n g do not g i v e 
protec t ion from s u m m e r weeds. The la t t er must be suppressed by the crop. 
Table 4 
Productivity of Martonvásár experimentals 
(Martonvásár, 1976 — 1978) 
Yield, q / h a 
Des ignat ion | j j ^
 :  
1976 ! 1977 1 1978 Average % 
1977 experimentals 
Bezostaya 1 76.6 60.3 52.5 63.1 100.0 
Mv 06-77 83.7 75.0 75.0 77.9 123.4 
Mv 07-77 84.0 74.9 67.7 75.5 119.6 
Mv 18-77 77.7 72.1 64.7 71.5 113.3 
Mv 22-77 75.1 76.8 70.1 74.0 117.3 
Mv 23-77 72 .2 79.0 71.6 74.3 117.7 
LSDs% 3.6 4.2 6 .2 
1978 experimentals 
Bezos taya 1 — 65.5 67 .3 66.4 100.0 
Mv 02-78 — 78.0 78 .4 78.2 117.8 
Mv 03-78 — 77.8 77 .6 77.7 117.0 
Mv 07-78 
— 79.5 76.9 78.2 117.8 
Mv 1-08-78 — 94.0 82.3 88.1 132.7 
Mv 2-24-78 
— 
81.7 78.5 80.1 120.6 
L S D S % 
— 
7.2 6 .3 
Number of replications : 5. 
P lot size: 20 m2 . 
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Quality. The first Martonvásár wheat varieties are wel l known for their excellent 
quality. The milling and baking industries still regret the withdrawal of Martonvásár 2 and 
Martonvásár 3, and use the variety Martonvásár 4 to improve the quality of the flour. The 
relevant data are presented in Table 5. 
Table 5 
Plant height and quality in Martonvásár wheat varieties 
and experimentals 













Bezostaya 1 105 95.3 AT 437 
Martonvásár 1 113 84.7 A 2 429 
Martonvásár 4 109 100.0 AT 489 
Martonvásár 5 112 95.8 AT 519 
Martonvásár 6 102 76.8 A , 433 
Martonvásár 7 103 92.0 AT 451 
Martonvásár 8 101 68.6 BT 382 
1977 experimentals 
Mv 06-77 91 54.6 B 2 317 
Mv 07-77 94 53.7 B 2 405 
Mv 18-77 89 72.4 A 2 409 
Mv 22-77 95 81.7 A 2 491 
Mv 23-77 90 89.6 AT 529 
1978 experimentals 
Mv 02-78 83 88.6 AT 467 
Mv 03-78 76 77.4 A 2 482 
Mv 07-78 73 82.8 A 2 409 
Mv 1-08-78 71 75.6 A 2 367 
Mv 2-24-78 86 92.4 AT 445 
The variety Martonvásár 4 is noted for its high farinographic value and A t quality. 
Its loaf volume also exceeds that of Bezostaya 1. Martonvásár 5 is similar to Bezos taya 1 in 
farinographic value, but has a considerably better loaf volume. The flour obtained from these 
varieties is highly suitable for mechanical processing. The gluten is strong and not s t icky and 
the dough keeps its form well, wi th the consequence that the shape of the bread is also favour-
able. 
Although Martonvásár 6 and Martonvásár 8 are somewhat inferior in qual i ty to the 
varieties described above, they are still suitable for milling and baking purposes without 
improvement. 
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Table 6 
Stem and leaf rust infection in Martonvásár wheat varieties 
and experimentals in inoculation tests 
(Martonvásár, 1 9 7 6 - 1 9 7 8 ) 
Designation 
S tem r u s t Leaf ru s t 
1976 1977 1978 1976 1977 1978 
Bezostaya 1 3 3; 2 3; 2 2 3; 4 2 
Martonvásár 1 4 4 4 2 4 3 
Martonvásár 4 3 3; 2 3; 4 3 4; 3 4; 3; 2 
Martonvásár 5 3; 4 3; 4 4; 3 3 4; 3 3; 2; 4 
Martonvásár 6 4; 3 4; 3 4; 3 3 4; 3 3; 2 
Martonvásár 7 3 3; 2 4; 3 3 4; 3 3; 4 
Martonvásár 8 3; 2 — 3 4; 3 - 4; 3 
1977 experimentals 
Mv 06-77 3; 4 4; 3 3 1; 2; 3 2; 3 1 
M v 07-77 1; 2 1; 2; 3 2; 1; 3 3; 2; 4 2; 3; 4 3; 4 
M v 18-77 1 1; 3 1 2; 1 2; 3 2; 3 
M v 22-77 3 3 4 3; 4; 2 4 4; 3 
Mv 23-77 3 3; 4 4 4; 3; 2 4 3; 4 
1978 experimentals 
Mv 02-78 1 1 2; 1 1 
Mv 03-78 — 1; 3 1 — 1; 2; 3 1 
Mv 07-78 — 1 1 — 2; 1 2; 1 
Mv 1-08-78 — 1 1 — l ; 2 1 
Mv 2-24-78 
-
1 1 2; 3 1 
Note: 0 = highly resistant; 1 = resistant; 2 = medium resistant; 3 = medium suscep-
tible; 4 = susceptible. If more than one figure is given (e.g. 3; 2) the first figure is more char-
acteristic. 
The farinographic qualification is B 2 for two, A2 for two, and A, for one of the 1977 e x -
perimentals. Of the 1978 experimentals two have A, and three A2 quality. They also have 
satisfactory loaf vo lumes which are hardly, if at all, inferior to that of Bezostaya 1. Two experi-
menta ls , however, Mv 06-77 and Mv 1-08-78, have poorer loaf volumes than Bezostaya 1, 
while that of Mv 23-77 is better, according to the investigations made so far (Table 5). 
The improvement of productivity in the new experimentals has involved a certain 
deterioration in quality. The highest yielding Mv 06-77 and Mv 1-08-78 seem to be of poorer 
qual i ty , as is seen mos t clearly in their loaf volumes; nevertheless the farinographic va lue 
of these lines is medium or good. The rest of the experimentals are equal to Bezostaya 1 as 
regards quality, so they satisfy the requirements. 
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Productivity and quality in some experimentals seem to verify the existence of a nega-
tive correlation between these two properties, though this is not as strong as that found earlier 
( L E L L E Y — R A J H Á T H Y 1 9 5 5 ) . 
Disease resistance. In Hungary stem rust is the mos t important wheat disease; its 
appearance generally results in a yield reduction. Although leaf rust is also a frequent disease 
i n Hungary i t usually causes less damage. The variety Bezos taya 1 shows sufficient field 
resistance to both diseases and is only seriously infected in inoculation tests (MANNINGER 1962). 
The initial aim of the wheat breeding at Martonvásár was to attain a disease resistance level 
at least equal to that of Bezostaya 1, that is, not to produce any experimentals or varieties 
with susceptibility considerably higher than that of Bezostaya 1. The recently certified Marton-
vásár winter wheat varieties meet this requirement; only the resistance of Martonvásár 1 and 
Martonvásár 6 to stem rust and that of Martonvásár 8 to leaf rust have proved inferior to that 
of Bezostaya 1 (Table 6). 
Resistance to stem and leaf rust in the new experimentals is, however, at least as high, 
if not higher, than in Bezostaya 1. Particularly noteworthy are the 1978 experimentals, which 
are hardly infected by these two diseases and even show resistance to powdery mildew. By 
introducing these experimentals into commercial production it should be possible to practi-
cally prevent the danger of infection by stem and leaf rust (Table 6). 
To develop resistance to powdery mildew is one of the most difficult breeding tasks, 
but it can no longer be postponed since this pathogen is beginning to assume serious propor-
tions. Although all the registered Martonvásár wheat varieties are one or two degrees better 
than the standard variety Bezostaya 1, they are still not resistant. The 1977 experimentals, 
however, are two to three degrees more resistant than the earlier ones; in practice they are 
less than medium susceptible. The 1978 experimentals are still better; they are hardly infected 
at all by powdery mildew (Table 7). 
The place of Martonvásár wheats in production. The Martonvásár wheat varieties 
certified so far are gradually gaining ground. While three years ago the area they occupied 
was insignificant, Martonvásár wheats are now harvested on more than 25% of the sowing 
area. Great interest is shown in Martonvásár 7 and Martonvásár 8, the two varieties certified 
in 1978. The experimentals submitted in 1977 and 1978 are expected to be registered in 1979 
and 1980. 
The older varieties can be successfully grown without lodging at a yield level of 35— 
50 q/ha, i.e. on most parts of the arable area of Hungary. The recently certified Martonvásár 
varieties are likely to become the wheats of the 50—65 q/ha areas, while the latest experi-
mentals will be capable of producing 70—90 or even 100 q/ha without the danger of lodging 
or infection by pathogens. 
Further objectives. As wheat production develops breeders are faced with ever greater 
tasks. The higher level of production also involves special problems which can primarily be 
solved through breeding. 
The improvement of productivity and its combination wi th good fertilizer response 
will continue to be the most important objectives of wheat breeding. New varieties must 
be produced to make high rates of fertilization economical and to reach yields exceeding 
100 q/ha. For this purpose a new type of variety is needed which is more responsive to fertiliza-
tion, assimilates more efficiently and accumulates the larger part of the assimilates in the 
grain, thus having a favourable grain-straw ratio. At higher nutrient levels the present varieties 
produce too much straw. The aim is to approach a 1 : 1 ratio. 
Further possibilities of attaining larger grain yields seem to be offered by an increase 
in individual productivity and the improvement of tolerance to s tand density. It is well known 
that productivity can he increased by the improvement of three components: number of 
spikes/m2 , number of grains/spike and thousand-grain-weight. It has lately been proved that 
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Table 7 
Powdery mildew infection in Martonvásár wheat varieties 
and experimentals in field trials 
(Martonvásár, 1976-1978) 
1977 experimentals 
M v 06-77 1 3 
Mv 07-77 5 7 
Mv 18-77 4 3 
M v 22-77 3 4 
Mv 23-77 3 5 
Designation 
Powdery mildew infect ion 
1976 1977 1978 
Bezostaya 1 6 6 8 
Martonvásár 1 6 5 6 
Martonvásár 4 4 6 7 
Martonvásár 5 4 4 5 
Martonvásár 6 5 5 8 
Martonvásár 7 5 5 7 
Martonvásár 8 4 4 4 
1978 experimentals 
Mv 02-78 0 1 1 
M v 03-78 0 2 1 
M v 07-78 0 1 0 
M v 1-08-78 0 0 0 
Mv 2-24-78 0 1 2 
Note: 0 = resistant; 9 = susceptible. 
higb yielding varieties m u s t possess high individual productivity. This can best be attained 
with big spikes and large grain weight per spike. Of all the yield components, attempts are 
primarily being made to increase the number of grains, then the number of spikes/m2 , while 
keeping the thousand-grain-weight at the level of the best current varieties, or if possible 
slightly improving it. 
The resistance of the varieties to lodging must be maintained at the level of the most 
recent experimentals, though a further s tep is to improve the quality of these short, strong-
stalked varieties and to establish a constant " A " quality, at the same time retaining the present 
level of resistance to powdery mildew, s t e m and leaf rust. 
These tasks require a great deal of t ime and effort. I t is a great help tha t a wide range 
of complex crossing can be carried out i n the phytotron, for which a new breeding strategy 
has been elaborated. The essence of this is that by sett ing up a well-thought-out crossing 
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programme on the basis of the results obta ined so far all over the world, a n d b y achieving 
the highest possible level of mechanizat ion and the precise execut ion of t h e f i e ld trials, new 
varieties can he produced which will combine all the favourable features and wi l l be suitable 
to replace the foreign variet ies still in commercial product ion (BALLA 1978). 
* 
Prepared at the Agricultural Besearch Institute of t h e Hungarian A c a d e m y of Sciences, 
Martonvásár. 
L . B A L L A , L . SZUNICS, M . MANNINGER 
Z s . POLLHAMER, G Y . SZILÁGYI 
References 
BALLA, L. (1968): A búza termőképesség re való nemesítésének egyes kérdései (Some questions 
of breeding wheat for product ivi ty) . Candidate's dissertation, Martonvásár, 142. 
BALLA, L. (1978): Wheat breeding s trategy in the Martonvásár Phytotron. Proc . of the Con-
ference on Cytogenet ics and Crop Improvement . H i n d u University, Varanasi , India. 
KOLTAY, Á. —BALLA, L. (1975): Búzatermesztés és -nemes í tés (Wheat product ion and breed-
ing). Mezőgazdasági Kiadó, Budapes t , 1 — 253. 
LELLEY, J. — BAJHÁTHY, T. (1955): A búza és nemesítése ( W h e a t and its breeding) . Akadémiai 
Kiadó , Budapest , 1 — 365. 
MANNINGER, M. (1962): Studies on the res istance of whea t varieties to s t em rust of cereals 
(Puccinid graminis tritici Erikss. e t Henn. ) and leaf rust of wheat ( P u c c i n i a triticina 
Erikss . ) in Martonvásár 1960—1961. Proc. Symp. Genet ics and W h e a t Breeding, Mar-
tonvásár , 313 — 328. 
RAJKI , S. (1960) : Közönséges búzafajták tenyészideje és megvá l toz ta tásénak egyes módjai 
(Vegetat ion periods of common w h e a t varieties and some ways of changing them). 
Növénytermelés , 9 , 113 — 130. 
SZILÁGYI, GY. (1978): Practical value of radiat ion induced wheat mutat ions in Hungary. 
Mutat ion Breeding Newsletter , V ienna , 12, 1 — 4. 
SZUNICS, L . (1973): Krasznodári búzafajták Magyarországon (Krasnodar w h e a t varieties in 
Hungary) . Növénytermelés , 22, 373 — 379. 
H E R B A R I U M D A T A FROM T H E COLLECTIONS O F T H E K I S M A R T O N Р А Е К 
A N D G R E E N H O U S E S IN 1 8 4 4 — 1 8 4 5 
The Kismarton (Eisenstadt) park and greenhouses contained the m o s t noteworthy 
botanical col lect ion in H u n g a r y at the beg inning of the last century . Until r e c e n t l y , however, 
the only informat ion about i ts size have b e e n the numerical d a t a processed b y RAP Aies (1940). 
Thus it was k n o w n that the large greenhouses contained 60 .000 p lants; plants f r o m the tropics, 
Manhattan is land and Cape Colony were grown in separate sect ions , and there w a s an orange-
house and a separate house for succulents. According to verbal information received from 
Szaniszló Priszter, lists of the plants in the Esterházy fami ly ' s park and greenhouses at Kis-
marton have recent ly come to light, w i th t h e help of which i t wi l l be possible, t o some extent , 
to reconstruct the plant-l ife of the park, t h e composit ion of which was prev ious ly almost 
entirely unknown. 
The Botanical D e p a r t m e n t of the Teachers ' Training College, Pécs, w a s presented with 
the herbarium of the former college of P a n n o n h a l m a Abbey . Thi s was handed o v e r in several 
parts, the last in 1977. The herbarium cons is ts of some 40 ,000 sheets, half of w h i c h is known 
as the basic col lection and the other half as the Piers col lect ion. The catalogue a n d the card-
index of the basic collection were completed in 1977. During th i s work the K i s m a r t o n material 
from 1844 and 1845, a col lection b y Flóris Ferenc Römer (1815—1889) , w a s f o u n d . During 
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Fig. 1. Flóris Römer 
the period in question Römer was the natural history teacher at the Győr Seminary and 
collected a herbarium of considerable size. (Römer is also known as the founder of the history 
of art in Hungary.) 
On the herbarium sheets mentioned above the habitat (Kismarton), the year, and in 
some cases, as a more precise localization, the Esterházy garden or even the greenhouse are 
given. The sheets do not always show the collector's name. This deficiency was overcome b y 
the place and date of collection and by identifying the hand writing. The name of the author 
is missing from the plant names, but these are given here. The plants are in good condition; 
originally they were not f ixed to the sheets. 
In the meantime the catalogue of the herbarium collected by Dr. József Jemelka, 
which was also kept at Pannonhalma and w a s unknown up till now, has also been completed. 
This collection was compiled between 1843 and 1847, and most ly contains plants from Sopron, 
though the data from Buda and Pest are also interesting. Six of the sheets should he included 
in this description: two greenhouse orchids, two violet species and the wild garlic are indicated 
as originating from the Esterházy park (1844, 1847), while the Viola mirabilis was obtained 
from Kismarton. 
The plants are listed in families in taxonomic order. Within the families alphabetical 
order is used. The out-of-date nomenclature has been supplemented with the currently accept-
ed names . 
The Kismarton plants are: 
Polypodiaceae 
Adiantum Capillus- Veneris L. 
— reniforme L. 
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Blechnum occidentale L. 
Platycerium alcicorne (Willem.) Desv. 
Polypodium aureum L. == Phlebodium a. (L.) Smith 
•— fragile L. — Cystopteris f . (L.) Bernh. 
Cupressaceae 
Juniperus virginiana L. 
Magnoliaceae 
Illicium anisatum L. 
Calycanthaceae 
Calycanthus floridus L. 
Anemonaceae 
Clematis floribunda Planch, et Triana 
Bosaceae 
Corchorus japonicus Thunbg. = Kerria japonica (L.) DC. 
Crataegus nigra W. et К . 
— oxyacantha L. 
Potentilla fruticosa L. 
Prunus Mahaleb L. = Cerasus M. (L.) Mill. 
— Padus L. = Padus avium Mill. 
— serotinus Ehrh. = Padus s. (Ehrh.) Borkh. 
Pyrus aria (L.) Ehrh. = Sorbus a. (L.) Cr. 
— Aucuparia (L.) Gärtn. = Sorbus A. L. 
— malus spectabilis alba + rubra — Malus 9. (Ait.) Borkh. cv. 
— salicifolia Pall. 
— amydaliformis Vill. 
Rubus odoratus L. 
Spiraea chamaedryfolia L. 
— crenata L. 
— japonica L. f. 
Saxifragaceae 
Bauer a rubioides Andr. 
Hydrangeaceae 
Philadelphus coronarius L. 
Pittosporaceae 
Pittosporum revolutum 
Pittosporum Tobira (Thunb.) Ait. 
Caesalpiniaceae 
Cassia riparia H. B. K. 
Cercis siliquastrum L. 
Mimosaceae 
Acacia affinis Sweet = A. dealbata Link 
— daviesioides A. Cuun. = A. diffusa Lindl. 
— glauca Moench = Leucaena g. Benth. 
— latifolia Benth. 
— longifolia 
— prostrata Lodd. = A. diffusa Lindl. 
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— undulata Willd. = A. armata R. B R . 
— verticillata Willd. 
Fabaceae 
Amorpha fruticosa L. 
Coronilla Emerns L. 
Cytisus alpinus Mill. = Laburnum a. (Mill.) Bercht et Presl. 
— biflorus L'Hérit. 
— candicans Lam. 
— elongatus W. et К . = С. biflorus L'Hérit . 
— Laburnum L. = Laburnum anagyroides Medic. 
— purpureus Scop. 
— quercifolius hort. = Laburnum anagyroides Medic, cv. Quercifolium 
— sessilifolius L. 
Eutaxia myrtifolia R. BR. 
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Genista canariensis L. = Cytisus c. (L.) Kuntze 
Glycine frutescens L, = Wistaria f . (L.) Poir. 
Hedysarum canadense L. = Desmodium c. (L.) DC. 
Loddigesia oxalidifolia Sims 
Ononis Columnae All. = О. pusilla L. 
— fruticosa L. 
Pultenaea ternata F. Muell. 
Robinia Caragana L. = Caragana arborescens L a m . 
— Halodendron Pall. = Halimodendron argenteum Fisch. 
— hispida L . 
Trifolium odoratum Schrank = T. montanum L . 
Thymelaeaceae 
Passerina pendulata Eckl. et Zeyh. = P. rigida Wikstr. 
Pimelea arenaria A. Cunn. 
Fig. 3. Acacia latifolia 
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Fig. 4. Acacia longifolia 
Myrtaceae 
Callistemon speciosus DC. = Metrosideros s. (DC.) Sims 
Calothamnus clavatus Mackay == C. quadrifidus Ait. 
Leptospermum juniperinum SM. = L. scoparium Forst. 
Melaleuca cordata Benth . 
— hypericifolia Smith 
Myrtus communis L. 
Punicaceae 
Punica granatum L. 
Rutaceae 
Borina pendula ? 
Diosma ciliata L. = Agathosma c. (L.) Link 
— umbellata Thunb. = Agathosma u. (Thunb.) Sond. 
Ptelea trifoliata L. 
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Anacardiaceae 
Rhus Cotinus L. = Cotinus coggygria Scop. 
— succedanea L. 
Aceraceae 
Acer monspessulanus L. 
— palmatum Thunb. 
— pseudoplatanus L. 
— striatum DuRoi = A. spicatum Lam. 
— tataricum L. 
Hyppocastanaceae 
Aesculus flava Ait. = Ae. octandra Marsh. 
— Pavia L. 
Staphyleaceae 
Staphylea pinnata L. 
Rhamnaceae 
Paliurus aculeatus Lam. = P. Spina-Christi Mill. 
Rhamnus Alaternus L. 
Cornaceae 
Cornus alba L. 
Rubiaceae 
Serissa japonica Thunb. = S. foetida Lam. 
Caprifoliaceae 
Viburnum Lanatum L. 
— prunifolium L. 
Valerianaceae 
Fedia scorpioides — Valeriana s. DC. 
Tiliaceae 
Tilia americana L. 
Malvaceae 
Anoda Dilleniana Cav. = A. lavateroides Medic. 
Hibiscus Rosa-sinensis L. 
Sterculiaceae 
Thomasia dumosa hört. = Rulingia parviflora Endl. 
— solanacea J . Gay. 
Euphorbiaceae 
Euphorbia carnea ? 
Xylophylla angustifolia 
Oleaceae 
Jasminum fruticans L. 
— gracile Andr. = J. simplicifolium Forst. 
— triumphans? (ev.?) 
Asclepiadaceae 
Hoya carnosa (L. f.) R. BR. 
Periploca graeca L. 
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Polemoniaceae 
Phlox Drummondii Hook. 
Verbenaceae 
Tournefortia heliotropioides Hook. = Heliotropium anchusaefolium Poir. 
Boraginaceae 
Echium giganteum L. 
Scrophulariaceae 
Anarrhinum bellidifolium Desf. 
Collinsia bicolor 
Mimulus glutinosus Wendl . = M. aurantiacus Curt. 
— quinquevulnerus ? 
Selago corymbosa L. 
Veronica crenata Lodd. 
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Bignoniaceae 




Capparis frondosa Jaeq. 
Loasaceae 
Scyphanthus elaeagnus D. Don . = Grammatocarpus volubilis Presl 
Begoniaceae 
Begonia argyrostigma Fisch. — В. maculata R a d d i 
— heracleifolia Cham, et Schlecht. 
— sanguinea Raddi 
Dilleniaceae 
Hibbertia grossulariaefolia Salisb. 
Campanulaceae 
Canarina campanulata L. 
Compositae 
Athanasia flammea ? = Arctotis f . Jacq. 
Chrysanthemum Leucantnemum L. 
Eupatorium lathyroides ? 
Gnaphalium rectum C. A. Mey = G. supinum L . 
— linifolium ? 
— margaritaceum L. = Anaphalis m. (L.) B e n t h . 
Prenanthes purpurea L. 
Rudbeckia purpurea L. = Echinacea p. (L.) Moench 
Senecio nemorensis L. 
Ericaceae 
Andromeda buxifolia Lam. = Agauria b. (L.) B a k . 
Azalea pontica L. = Rhododendron flavum (Hof fm. ) G. Don 
Epacris paludosa R. BR. 
— obtusifolia SM. 
Erica arborea L. 
— vulgaris L. = Calluna v. (L.) Hull. 
Aizoaceae 
Mesembryanthemum spectabile Haw. = Lampranthus s. (Haw.) N. E . BR. 
Theophrastaceae 
Theophrasta longifolia Jacq. = Clavija ornata D . Don 
Plumbaginaceae 
Plumbago rosea L. 
Polygonaceae 
Rheum rhabarbarum L. = Rh. undulatum L. 
Moraceae 
Morus papyrifera L. = Broussonetia p. (L.) L'Héri t . 
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Liliaceae 
Dianella coerulea Sims 
Ornithogalum narbonense L. 
Xanthorrhoea rotundifolia 
Iridaceae 
Gladiolus communis L. = G. byzantinus Mill. 
From József Jemelka's collection: 
Viola elatior Fries Goodyera discolor Ker-Gawl. = Haemaria d. 
Lindl. 
— canina L. Cypripedium guttatum SW. 
— mirabilis L. Allium ursinum L. 
The l ist reveals that the collection included greenhouse species from Australia and from 
South-America, including ones which are miss ing from the present botanical gardens. After 
the long period which has passed since the collection was made, these are the species left 
in the herbarium, and this g ives the work of select ion its special character. It would be interest-
ing to know whether there are any further plants from Kismarton in Rómer's other herbaria. 
The picture of this famous Esterházy garden is not complete. But it suff ices to show 
that the gardens of that t ime reached a very h igh standard. This garden deserved its fame 
and was r ight ly compared to the most beautiful gardens and parks of Europe. 
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VIRUSES O F LETTUCE 
II. Host Ranges of Lettuce Mosaic Virus and Cucumber Mosaic Virus 
In the first part of our publication series (HORVÁTH 1980) various viruses pathogenic 
to lettuce were preseuted and it was pointed o u t that the lettuce mosaic virus, : X / * : 
E/E : S/Ap, potyvirus group, and the cucumber mosaic virus, R / l : 1/18 : S/S : S/Ap, cucumo-
virus group, are the most frequently occurring and economically most important of them. 
The different host plants are of very great importance in the natural circulation of viruses 
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transmitted by aphids in a stylet-borne manner. However , the virus hosts are of invaluable 
significance not only from an epidemiological point of v iew; they are also indispensable in 
identifying the viruses. Plants resistant to viruses, on the other hand, have a role f irst in 
breeding for resistance, and secondly in virus separation. 
A number of papers have been published so far on various hosts of the lettuce mosa ic 
v i r u s ( W I L K I N S O N — H I R S C H 1 9 5 2 , C O S T A — D U F F U S 1 9 5 8 , K L I N K O W S K I — U S C H D R A W E I T 1 9 6 8 , 
K E M P E R 1 9 6 2 , T O M L I N S O N 1 9 6 4 , 1 9 7 0 , R Y D E R 1 9 7 0 , P U R C I F U L L — Z I T T E R 1 9 7 1 , RAGOZZINO 
et al. 1 9 7 1 , S C H M E L Z E R — W O L F 1 9 7 1 , P R O V V I D E N T I — S C H H O E D E R 1 9 7 2 , P R O V V I D E N T I 1 9 7 3 , 
E D W A R D S O N 1 9 7 4 , L I S A — L O V I S O L O 1 9 7 6 , S C H M E L Z E R — W O L F 1 9 7 7 , S C H M E L Z E R et al. 1 9 7 7 ) , 
h u t not a single work containing a detailed description of the host range of the virus and 
of the plants resistant to it has appeared. 
The first noteworthy report on the host range of cucumber mosaic virus was presented 
b y the American virologist PRICE (1940). This work, which discusses the virus susceptibility 
of nearly 300 species of 64 plant families was unique at that time in plant virology. A quarter 
of a century later KOVACHEVSKY (1965) described further hosts susceptible to cucumber 
mosaic virus (91 species of 22 plant families). The fol lowing year a book was published b y 
THORNBERRY (1966) who, using Price's data too, gave an account of some 350 plants susceptible 
to encumber mosaic virus. Following Thornberry the late Dr. K. Schmelzer (1928-—1976), 
German virologist, described further virus hosts of great scientific importance (SCHMELZER— 
SCHMIDT 1968, SCHMELZER 1970, 1974) as a continuation of his dissertation "Untersuchungen 
an Viren der Zier- und Wildgehölze" (SCHMELZER 1962a, Ь, c, d). Further investigations 
(SHUKLA—SCHMELZER 1970, 1973, 1975), in the course of which some 72 so-far unknown 
cruciferous ornamental and wild plants susceptible to cucumber mosaic virus were detected, 
were of similarly invaluable importance for science. During the 1965-—1974 period KOVA-
CHEVSKY (1976) demonstrated twenty new natural hosts of cucumber mosaic virus in Bulgaria. 
I t is due to the extens ive scientific and literary work of SCHMELZER—WOLF (1977) and 
SCHMELZER et al. (1977) that almost the full range of hosts to cucumber mosaic virus h a s 
become known. Our own investigations (HORVÁTH 1976, 1979b) in recent years have led to t h e 
identification of about 131 new hosts of cucumber mosaic virus and of numerous plants re-
s istant to it. 
The present paper is aimed at giving a fully comprehensive view of the host ranges of 
lettuce mosaic virus and cucumber mosaic virus and of the plants resistant to them, us ing 
all the information obtained so far, and taking the mos t recent results into consideration. 
Natural hosts of lettuce mosaic virus 
As far as we are aware and according to the available literature, members of the follow-
ing 9 taxonomic plant families are recorded as natural hosts of the lettuce mosaic virus (Table 
1). These are the fol lowing 21 species related to 19 genera: 
Caryophyllaceae: Stellaria media 
Chenopodiaceae: Chenopodium album, C. murale, Spinacia oleracea 
Compositae (Asteraceae): Carduus broteroi, Cichorium endivia, Lactuca sativa, L. virosa, 
Picris echioides, Senecio vulgaris, Sonchus asper, Urospermum picroides, Zinnia elegáns 
Cruciferae (Brassicaceae) : Capsella bursa-pastoris 
Fabaceae (Luguminosae, Papilionaceae): Lathyrus odoratus, Pisum sativum 
Geraniaceae: Erodium cicutarium 
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Table 1 
Number of natural and artificial hosts of lettuce mosaic virus 







Amaranthaceae — 2 — 
Boraginaceae — 1 — 
Caryophyllaceae 1 1 — 
Chenopodiaceae 3 11 1 
Compositae (Asteraceae) 9 82 8 
Cruciferae ( Brassicaceae) 1 2 6 
Cucurbitaceae — 2 13 
Fabaceae (Leguminosae, Papiliona-
ceae) 2 5 9 
Geraniaceae 1 1 — 
Gramineae (Poaceae) — — 1 
Labiatae (Lamiaceae) 1 1 6 
Malvaceae 1 1 1 
Martyniaceae — 1 — 
Nolanaceae — — 2 
Polygonaceae — 1 — 
Primulaceae 2 3 — 
Ranunculaceae — — 1 
Scrophulariaceae - — 1 




Labiatae (Lamiaceae) : Lamium aplexicaule 
Malvaceae: M alva parviflora 
Primulaceae: Anagallis arvensis, Primula obconica. 
Among tbe spontaneous, natural host plants the cultivated, economically important 
vegetables (e.g. Lactuca sativa, Pisum sativum, Spinacia oleracea), t h e overwintering hos t s 
(e.g. Cichorium endivia) and some particularly wide-spread weeds (e.g. Capsella bursa-pastoris, 
Senecio vulgaris, Sonchus asper, Stellaria media) are undoubtedly the m o s t important. 
Artificial hosts of lettuce mosaic virus 
On the other hand, the published literature (JAGGER 1921, WILKINSON—HIRSCH 1952, 
U L L R I C H 1 9 5 4 , C O S T A — D U F F U S 1 9 5 8 , N I T Z A N Y — C O H E N 1 9 6 0 , K E M P E R 1 9 6 2 , TOMLINSON 
1 9 6 4 , 1 9 7 0 , K L I N K O W S K I — U S C H D B A W E I T 1 9 6 8 , R Y D E R 1 9 7 0 , P U R C I F U L L — Z I T T E R 1 9 7 1 , 
RAGOZZINO et al. 1 9 7 1 , S C H M E L Z E R — W O L F 1 9 7 1 , P R O V V I D E N T I — S C H R O E D E R 1 9 7 2 , P R O V V I -
DENTI 1 9 7 3 , Z INK et al. 1 9 7 3 , E D W A R D S O N 1 9 7 4 , L ISA—LOVISOLO 1 9 7 6 , SCHMELZER eí al. 1 9 7 7 , 
HORVÁTH 1979a) points out that members of 16 taxonomic plant famil ies have proved t o he 
artificial hosts of the lettuce mosaic virus (Table 1). These are the fol lowing 121 species related 
to 60 genera: 
Aizoaceae: Telragonia crystallina*, T. echinata, T. eremaea*, T. expanse 
Amaranthaceae: Gomphrena decumbens*, G. globosa) 
* Denotes new artificial hosts of lettuce mosaic virus (HORVÁTH 1979A) 
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Boraginaceae: Anchusa officinalis 
Caryophyllaceae: Stellaria media 
Chenopodiaceae: Beta vulgaris var. cicla viridis, Chenopodium album, С. amaranticolor, 
С. ambrosioides, С. aristatum, С. capitatum, С. murale, С. quinoa, С. rubrum, С. urbicum, Spina-
cia oleracea 
Compositae (Asteraceae)s Ammobium alatum, Anacyclus clavatus, A. officinarum, Anthé-
mis arvensis, A. tinctoria, Aster sp., Baeria californica, B. maritima, Bellis perennis, Brachy-
come iberidifolia, B. pachyptera, Calendula algeriensis, C. arvensis, C. fulgida, C. officinalis, 
Callistephus chinensis, Carduus broteri, Carthamus lanatus*, C. tinctorius, Centaurea solstitialis, 
Chrysanthemum coronarium, C. segetum, Cichorium endiva, C. intybus, Cladanthus arabicus, 
Coreopsis tinctoria, Crépis setosa, Dimorphotheca aurantiaca, D. pluvialis, D. sinnata, Emilia 
coccinea, Felicia amelloides, Galinsoga ciliata, G. parviflora, Guizothia abyssinica, Helipterum 
roseum, Lactuca altaica, L. angustana, L. dissecta, L. gracoglossum, L. kochiana, L. livida, L. 
longifolia, L. macrorhiza, L. muralis, L. perennis, L. paddeana, L. quercina*, L. saligna, L. sativa, 
L. sativa convar. inocta var. capitata "Cazard Grosser Gelber"*, L. sativa var. capitata, L. sativa 
var. romana, L. scariola, L. scariola var. integrata, L. serriola, L. tatarica*, L. tuberosa, L. virosa, 
Mycelis muralis, Picris echioides, Senecio cruentus, S. vulgaris, Silybium marianum, Sonchus 
asper, S. glaucescens, S. oleraceus, Tagetes ereclus, Taraxacum bicorne, T. officinale, Tolpis 
barbata, Tragopogon porrifolius, Urospermum picroides, Zinnia elegáns, Z. haageana, Z, haageana 
cv. Cocarde*, Z. multiflora, Z. pauciflora, Z. pumila*, Z. tenuiflora*, Z. verticillata*, Xeran-
theum annuum 
Cruciferae (Brassicaceae): Capsella bursa-pastoris, Iberis umbellata 
Cucurbitaceae: Cucurbita maxima cv. Nugget, С. реро 
Fabaceae (Leguminosae, Papilionaceae): Lathyrus odoratus, Melilotus italicus, Phaseolus 
vulgaris, Pisum sativum, Trifolium incarnatum 
Geraniaceae: Erodium cicutarium 
Labiatae (Lamiaceae): Lamium aplexicaule 
Malvaceae: Malva parviflora 
Martyniaceae: Proboscidea jussieui 
Polygonaceae: Rumex britannica 
Primulaceae: Anagallis arvensis, Primula malacoides, P. obconica 
Solaiiaceae: Nicotiana benthamiana, N. clevelandii, N. tabacum 
Plants resistant against infection with lettuce mosaic virus 
Among the tested plants the following 61 species of 37 genera and 13 families (see 
Table 1) proved to be resistant to infection with the virns: 
Chenopodiaceae: Beta vulgaris 
Compositae (Asteraceae): Carduus arvensis, Centaurea cyanus, Cineraria cruenta, Cynara 
scolymus, Helianthus annuus, Sonchus arvensis, S. oleraceus, Taraxacum officinale 
Cruciferae (Brassicaceae): Brassica oleracea var. capitata, В. oleracea var. botrytis, В, 
oleracea var. botrytis cymosa, В. pekinensis, В. rapa, Raphanus sativus 
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Cucurbitaceae: Citrullus lanatus, Cucumis metuliferus, С. sativus, С. ficifolia, С. lunde-
niana, C. maxima, С. mixta, С. moschata, Cyclanthera pedata, Lagenaria leucantha, L. siceraria, 
Luffa acatangula, Momordica charantia 
Fabaceae (Leguminosae, Papilionaceae): Canavalia gladiata, Melilotus alba, Phaseolus 
limensis, P. vulgaris, Trifolium hybridum, T. pratense, T. repens. Vicia faba, Vigna sinensis 
Gramineae (Poaceae): Zea mays 
Labiatae (Lamiaceae): Ocimum basilicum, О. canum, O. carnosam*, O. sanctum*, O. sel-
loi, O. viride ( B E S A D A — H O R V Á T H 1 9 8 0 ) 
Malvaceae: Gossypium herbaceum 
Nolanaceae: Nolana paradoxa*, N. prostrata* 
Ranunculaceae: Clematis sp. 
Solanaceae: Datura stramonium, Lycopersicon esculentum, Nicotiana glutinosa, N. hybri-
da, N. rustica, N. tabacum, N. sylvestris, Petunia hybriu, 
Scrophulariaceae: Antirrhinum majus 
Umbelliferae (Apiaceae): Apium graveolens, Daucus carota, Pnstinaca sativa, Petroseli-
num hortense. 
Tbe reports oil tbe hosts of lettuce mosaic virus are contradictory in the case of some 
plants. For example, according to THORNBERRY (1966), who summarized the results of various 
authors Sonchus oleraceus and Taraxacum officinale are resistant plants, in opposition to the 
data of SCHMELZER—WOLF (1971) and SCHMELZER et al. (1977). According to the literary data 
there are differences in virus susceptibility not only between the plant species but also between 
the varieties; e.g. PROVVIDENTI— SCHROEDER (1972) found Cucurbita maxima cv. Nugget and 
Phaseolus vulgaris cv. Bountiful (and 11 other varieties) to be susceptible, while in the experi-
m e n t s o f C O S T A — D U F F U S ( 1 9 5 8 ) a n d P R O V V I D E N T I — S C H R O E D E R ( 1 9 7 2 ) o t h e r v a r i e t i e s o f 
C. maxima and P. vulgaris proved resistant to inoculation with lettuce mosaic virus. 
Natural hosts of cucumber mosaic virus 
As far as we are aware and according to the available literature, members of the follow-
ing 67 taxonomic plant families are recorded as natural hosts of the cucumber mosaic virus 
(Table 2). These are the following 476 species related to 257 genera: 
Aizoaceae: Tetragonia tetragonoides 
Amaranthaceae: Alternanlhera ficoidea, Amaranthus retroflexus, A. viridis (JosHi — 
D U B E Y 1 9 7 6 ) 
Amaryllidaceae: Brunsvigia rosea, Hippeastrum eqaestre, H. Hybrids, Narcissus pseudo-
narcissus, N. tazetta, Nerine flexuosa 
Apocinaceae: Allamanda cathartica, Calhranthus roseus (syn.: Vinca rosea), Lochnera 
rosea (syn.: Vinca rosea), Nerium oleander, Vinca minor, V. rosea (syn.: Catharanlhas roseus, 
Lochnera rosea) 
Araceae: Anthurium andreanum, Zantedeschia sp. 
* Denotes new resistant plant against lettuce mosaic virus (HORVÁTH 1979a) 
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Aristolochiaceae: Aristolochia clematitis, A. durior, A. elegáns*, A. macTophylla* 
Asclepiaceae: Asclepias curassavica, A. syriaca 
Balsaminaceae: Impatiens balsamina, I. parviflora, I. walleriana 
Begoniaceae: Begonia semperflorens, B. tuberhybrida 
Berberidaceae: Berberis thunbergii, Nandina domestica 
Boraginaceae: Anchusa sp., Mertensia virginiana, Myosotis alpestris, M. scorpioides, 
Onosma stellulatum, Pulmonaria mollis 
Buxaceae: Pachysandra terminális 
Campanulaceae: Campanula glomerata, C. persicifolia, C. portenschlagiana, C. pyramida-
lis, С. rapunculoides (POLÁK 1964), С. siphilitica, С. trachelium 
Cannabinaceae: Cannabis sativa 
Caprifoliaceae: Leycesteria formosa, Lonicera periclymenum, Sambucus canadensis, S. 
nigra, Viburnum opulus 
Caryophyllaceae: Dianthus carthusianorum, D. caryophyllus, Lychnis chalcedonica 
(KOVACHEVSKY 1976), Melandrium album (syn.: Silene alba), Silene alba (syn.: Melandrium 
album), S. cucubalus, Stellaria media, Viscaria vulgaris (KOVACHEVSKY 1976) 
Chenopodiaceae: Atriplex patula (KOVACHEVSKY 1976), Beta vulgaris var. altissima, B. 
vulgaris var. cicla, Chenopodium polyspermum, Spinacia oleracea 
Cistaceae: Helianthemum grandißorum 
Commelinaceae: Commelina gigas, C. nudiflora, C. sp., Tradescantia fluminensis 
Compositae (Asteraceae): Arctium lappa, Artemisia absinthium, Calendula officinalis, 
Callistephus chinensis, Carthamus tinctorius, Centaurea arbutifolia, C. canariensis, C. canariensis 
var. subexpinnata, C. cyanus, C. imperialis, C. webbiana, Cichorium endivia, C. intybus, Coreopsis 
sp. , Cynara cardunculus, Dahlia variabilis, Doronicum cordifolium, Doronicum orientale, D. 
plantagineum, Echinacea purpurea, Gaillardia aristata, Galinsoga parviflora, G. quadriradiata, 
Helenium autumnale, H. hooperi (KOVACHEVSKY 1976), Heliopsis helianthoides, Hieracium sp., 
Lactuca sativa, Ligularia clivorum, L. kaempferi (syn.: L, tussilaginea), L. tussilaginea (syn.: 
L. kaempferi), Matricaria sp., Scorzonera hispanica, Senecio jacobaea, S. kaempferi, S. 
praealta, S. vulgaris, Silphum perfoliatum, Silybum marianum, Sonchus oleraceus, Stenactis 
strigosa (SALAMON 1979), Stokesia leavis, Taraxacum officinale (KOVACHEVSKY 1976), Tripleuro-
spermum maritima, Xanthium orientale, Zinnia elegáns 
Convolvulaceae: Convolvulus arvensis, Dichondrea repens, Ipomoea sp. 
Crassulaceae: Sedum populifolium 
Cruciferae (Brassicaceae): Aethionema grandiflorum, A. pulchellum, Alliaria officinalis 
(syn.: A. petiolata), A. petiolata (syn.: Alliaria officinalis), Alyssoides utriculatum, Alyssum 
bornmuelleri, A. saxatile, A. spinosum, Arabis alpestris, A. blepharophylla, A. caerulea, A. cauca-
sica, A. jacquinii, A. muralis, A. scopoliana, A. stelleri, A. sudetica, A. vochinensis, Aubrieta 
deltoides, A. deltoides var. graeca, A. erubescens, A. hesperidiflora, A. intermedia, A. italica, 
A. olympica, A. pinardi, A. suendermanii, Barbarea iberica, B. intermedia, B. lyrata, B. vul-
garis, Berteroa incana, Biscutella lyrata, B. raphanifolia, Brassica juncea, В. napus*, В. napus 
var. napobrassica, В. nigra, В. oleracea var. sabellica, В. rapa var. campestris, В. тара var. 
* Denotes new natural host of cucumber mosaic virus (HORVÁTH 1976) 
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тара, Brassiceila erucastrum, Bunias erucago, B. orientális, Cakile maritima, Capsella bursa-
pastoris, C. grandiflora, Cardamine pratensis, Cheiranthus cheiri, Cochlearia glastifolia, C. offici-
nalis, Crambe maritima, Draba aizoides, D. daurica, D. hispida, D. hoppeana, D. loiseleurii, 
D. longirostra, D. sibirica, Eruca sativa, Erysimum helveticum, E. hieraciifolium, E. ochroleu-
cum, E. odoratum, E. perovskianum, E. pumilum, Fibigia clypeata, Hesperis matronalis, H. 
steveniana, H. tristis, Hutchinsia alpina, H. brevicaulis, Iberis amara, I. umbellata, Isatis tinc-
toria, Lepidium stalatum, Lobularia maritima, Lunaria annua, Malcolmia bicolor, Matthiola 
incana, M. vallesiaca, Peltaria alliacea, Baphanus raphanistrum, B. sativus, Bapistrum rugo-
sum, Borippa nasturtium-aquaticum, B. silvestris, Schivereckia podolica, Schizopetalon walkeri, 
Sinapis alba (KOVACHEVSKY 1976), Sinapis arvensis, Sisymbrium irio, S. loeselii, S. officinale, 
Thlaspi arvense, T. bellidifolium, T. montanum, Vesicaria ulriculata. 
'<i Cucurbitaceae: Citrullus lanatus (syn.: C. vulgaris), C. vulgaris (äyn.: C. lanatus), Cucu-
mis anguria, C. melo, C. sativus, Cucurbita maxima, С. реро, С. реро convar. patissonina f. 
radiata*, Echinocystis lobata (syn.: Micrampelis lobata), Luffa cylindrica, Melothria pendula, 
Micrampelis lobata (syn.: Echinocystis lobata) 
Dilleniaceae: Hibbertia scandens 
Ericaceae: Cassiope hypnoides 
Euphorbiaceae: Croton lobatus (MIGLIORI et al. 1977), Euphorbia corollata, E. salicifolia 
(SALAMON 1 9 7 9 ) , Mercurialis annua 
Fabaceae (Leguminosae, Papilionaceae) : Cicer arietinum, Corydalis lutea, Cytisus labur-
num ( K O V A C H E V S K Y 1 9 7 6 ) , Lathyrus japonicus ( K O V A C H E V S K Y 1 9 7 6 ) , Lupinus albococcineus 
(KOVACHEVSKY 1976), L. angustifolius, L. aridus (KOVACHEVSKY 1976), L. luteus, L. mutabi-
lis, L. palustris ( K O V A C H E V S K Y 1 9 7 6 ) , Medicago lupulina ( K O V A C H E V S K Y 1 9 7 6 ) , M. sativa, 
Phaseolus lunatus, P. lunatus f. macrocarpus, Pisum sativum, Sophora japonica (KOVACHEVSKY 
1976), Thermopsis caroliniana, Trifolium alexandrinum, T. hybridum, Trigonella coerulea 
( K O V A C H E V S K Y 1 9 7 6 ) , Vicia siccula ( K O V A C H E V S K Y 1 9 7 6 ) , Vigna hosei ( M I G L I O R I et al. 
1 9 7 7 ) , V. radiata ( P U R I V I R O J K U L — P O E H L M A N 1 9 7 7 ) , V. sinensis 
Gentianaceae: Gentiana cruciata, G. kurroo, G. lutea, G. pannonica, G. septemfida, 
G. tibetica 
Geraniaceae: Geranium carolinianum, G. rotundifolium, Pelargonium hortorum 
Gesneriaceae: Saintpaulia sp. (KOVACHEVSKY 1976) 
Helleboraceae : Eranthis hyemalis, Helleborus niger, Trollius asiaticus, T. chinensis, 
T.Xcultorum, T. europaeus, T. sp. 
Hydrangeaceae: Philadelphus Xfalconeri 
Iridaceae: Crocus sp., Gladiolus sp., Iris germanica 
Labiatae (Lamiaceae): Ajuga reptans, Ballota nigra, Hyssopus officinalis, Lamium album, 
L. amplexicaule, L. galeobdolon, L. purpureum, L. sp., Leonurus cardiaca, Mentha piperita, 
M. sp., M. spicata, Molucella laevis, Nepeta cataria, Ocimum basilicum, Bosmarinus offici-
nalis, Salvia lyrata, S. nemorosa, S. plebeia, S. pratensis, S. splendens, Scutellaria alpina, 
Stachys palustris, Teucrium chamaedrys 
Liliaceae: Asparagus officinalis, Gloriosa superba, Lilium candidum, L. crocenm, L. 
longiflorum, L. tigrinum, Tulipa sp. 
Loganiaceae: Buddleia davidii 
Magnoliaceae: Magnolia sp. 
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Malvaceae: Hibiscus esculentus, Malva sylvestris 
Martyniaceae: Martynia louisiana 
Moraceae: Maclura pomifera 
Musaceae: Musa acuminata (syn.: M. cavendishii), M. cavendishii (syn.: M. acuminata), 
M. paradisiaca (syn.: M. sapientum), M. sapientum (gyn.: M. paradisiaca) 
Oleaceae: Chionanthus virginicus, Ligustrum sp., L. vulgare 
Onagraceae (Oenotheraceae): Circaea lutetiana* 
Orchidaceae: Dendrobium sp. 
Papaveraceae: Chelidonium majus, Romneya coulteri 
Passifloraceae: Passiflora coerulea, P. edulis 
Pedaliaceae: Sesamum orientale var. albidum ( K O V A C H E V S K Y 1 9 7 6 ) 
Phytolaccaceae: Phytolacca americana (syn.: P. decandra), P. decandra (syn.: P. 
americana) 
Piperaceae: Peperomia glabella, P. tithymaloides, Piper nigrum 
Polemoniaceae: Phlox divaricata, P. paniculata, Polemonium caeruleum, P. lanatum, 
P. reptans 
Polygonaceae: Polygonum persicaria, Rheum sp., Rumex acetosa 
Portulacaceae: Portulaca oleracea 
Primulaceae: Androsace septentrionalis, Dodecatheon jeffreyi, Douglasia vitaliana, Pri-
mula acaulis, P. alpicola, P. auricula, P. bulleyana, P. burmanica, P. cortusoides, P. denticulata, 
P. elatior, P. farinosa, P. helenae, P. japonica, P.juliae, P. malacoides, P. moerheimi, P. nutans, 
P. obconica, P. polyantha, P. pruhoniciana, P. pulverulenta, P. rosea, Soldanella montana 
Ranuneulaceae: Anemone coronaria, A. hepatica, A. japonica, A. sylvestris, Aquilegia 
alpina, Α. caerulea, Α. canadensis, Α. chrysantha, Α. flabellata, Α. haylodgensis, Α. vulgaris, 
Delphinium ajacis, D. cashmerianum, D. consolida, D. elatum, D. grandiflorum, D. sinense, 
D. sp., Ranunculus abortivus, R. adscendens, R. repens 
Rhamnaceae: Rhamnus cathartica 
Rosaceae: Coluria geoides, Prunus armeniaca ( V . NÉMETH 1978, personal communi-
cation), P. avium, P. cerasus, P. domestica, P. persica, Rubus idaeus 
Saxifragaceae: Hydrangea macrophylla, Ribes aureum, R. nigrum, Saxifraga aquatica, 
S. rotundifolia 
Scrophulariaceae: Digitalis lanata ( K O V A C H E V S K Y 1976), D. lutea, Paulownia imperialis 
(syn.: P. tomentosa)*, P. tomentosa (syn.: P. imperialis)*, Pentstemon gentianoides ( K O V A -
C H E V S K Y 1976), Scoparla dulcis, Scrophularia nodosa, S. umbrosa 
Solanaceae: Capsicum annuum, C. frutescens, Cyphomandra betacea, Datura ferox, D. 
stramonium, Lycium chinense, L. halimifolium, Lycopersicon esculentum, L. pimpinellifolium, 
Nicotiana affinis ( K O V A C H E V S K Y 1 9 7 6 ) , N. glauca, Ν. plumbaginifolia ( J O S H I — D U B E Y 1 9 7 6 ) , 
N. tabacum, Petunia hybrida, Physalis angulata, P. minima ( J O S H I — D U B E Y 1 9 7 6 ) , P. peru-
viana, P. pubescens, P. wrightii, Scopolia carniolica*, Solanum dulcamara ( S A L A M O N 1 9 7 9 ) , S. 
eleagnifolium, S. gracile, S. melongena, S. nigrum, S. tuberosum, Withania somnifera 
Thymeleaceae : Daphne mezereum, D. odora 
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Tropaeolaceae: Tropaeolum majus 
Umbelliferae (Apiaceae): Ammi majus, Anethum graveolens, Angelica archangelica, 
Apium graveolens var. dulce, A. graveolens var. rapaceum, Astrantia minor, Bupleurum falcatum, 
Cicuta virosa, Coriandrum sativum, Daucus carota, Eryngium amethystinum, E. campestre, E. 
dichotoma, E. giganteum, E. lassauxii, E. planum, E. yuccifolium, Heracleum lanatum, Ligusti-
cum scoticum, Oenanthe pimpinelloides, Pastinaca sativa, Petroselinum crispum, Peucedanum 
sp., Pimpinella anisum, Sanicula europaea, Sium erectum, Smyrnium olusatrum 
Urticaceae: Urtica urens 
Valerianaceae: Centrantus ruber, Valeriana officinalis, Valerianella locusta 
Verbenaceae: Caryopteris clandonensis 
Violaceae: Viola odorala, V. sepincola, V. tricolor, V. wittrockiana. 
Artificial hosts of cucumber mosaic virus 
The published literature indicates that the cucumber mosaic virus was found to be 
infectious to members of 53 plant families (Table 2). In the following the 536 susceptible plant 
species, related to 106 genera are l isted: 
Acantbaceae: Ruellia tuberosa 
Aizoaceae: Dorotheanthus bellidiformis, Mesembryanthemum crystallinum, Mollugo verti-
cillata, Tetragonia crystallina*, T. echinata*, T. eremaea (HORVÁTH 1977, unpublished), T. ex-
pansa (syn.: T. tetragonoides), T. telragonoides (syn.: T. expansa) 
Amaranthaceae: Amaranthus angustifolius (syn.: A. graecizans)*, A. ascendens (syn.: 
A. lividus var. ascendens)*, A. atropurpureus (syn.: A. hybridus)*, A. aureus (syn.: A. panicu-
latus var. flatus)*, A. bouchoni*, A. caracu (syn.: A. hypochondriacus)*, A. caudatus, A. cauda-
tus cv. Atripurpureus (syn.: A. caudatus var. sanguineus)*, A. caudatus var. sanguineus (syn.: 
A. caudatus cv. Atripurpureus)*, A. chlorostachys (syn.: A. hybridus)*, A. chlorostachys f. 
leucocarpus (syn.: A. chlorostachys f. strictus)*, A. chlorostachys var. leucocarpus (syn.: A. 
leucocarpus)*, A. chlorostachys f. strictus (syn.: A. chlorostachys f. leucocarpus)*, A. chloro-
stachys var. powelli*, A. cruentus (syn.: A. paniculatus)*, A. deflexus*, A. deflexus var. ru-
fescens*, A. dubius*, A. emarginatus (syn.: A. lividus var. ascendens)*, A. gangelicus var. 
multicolor (syn.: A. tricolor)*, A. graecizans (syn.: A. graecizans var. sylvestris, A. sylvestris)*, 
A. graecizans var. sylvestris (syn.: A. graecizans)*, A. graecizans var. sylvestris (syn.: A. syl-
vestris)*, A. hybridus (syn.: A. atropurpureus)*, A. hybridus (syn.: A. chlorostachys), A. hypo-
chondriacus (syn.: A. caracu)*, A. hypochondriacus cv. Monstrosus*, A. leucocarpus (syn.: 
A. chlorostachys var. leucocarpus)*, A. lividus (syn.: A. lividus var. ascendens)*, A. lividus var. 
ascendens (syn.: A. ascendens)*, A. lividus var. ascendens (syn.: A. emarginatus)*, A. lividus 
var. ascendens (syn.: A. lividus)*, A. lividus var. oleraceus (syn.: A. oleraceus)*, A. mante-
gazzianus*, A. oleraceus (syn.: A. lividus var. oleraceus)*, A. paniculatus (syn.: A. cruentus)*, 
A. paniculatus cv. Roter Dom*, A. paniculatus cv. Roter Paris*, A. paniculatus cv. Sanguineus 
nanus*, A. paniculatus f. speciosus (syn.: A. speciosus)*, A. paniculatus var. flavus (syn.: 
A. aureus)*, A. speciosus (syn.: A. paniculatus f. speciosus)*, A. spinosus*, A. sylvestris (syn.: 
A. graecizans var. sylvestris)*, A. tricolor, A. tricolor (syn.: A. gangeticus var. multicolor)*, 
A. tricolor cv. Malten Fire*, A. viridis (syn.: A. lividus var. ascendens)*, Celosia argentea, 
C. plumosa, Gomphrena decumbens*, G. globosa 
* Denotes new host of cucumber mosaic virus (HORVÁTH 1976, 1979B) 
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Table 2 
Number of natural and artificial hosts of cucumber mosaic virus 
and of resistant plants in the various plant families 
Family 
Natural Artificial Resistant 
plants hosts 
Acanthaceae l 2 
Aizoaceae 1 8 1 
Amaranthaceae 3 52 7 
A maryllidaceae 6 — 4 
Apocynaceae 5 — 1 
Araceae 2 2 2 
Arislolochiaceae 4 — — 
Asclepiaceae 2 — — 
Balsaminaceae 3 — 1 
Begoniaceae 2 — 1 
Berberidaceae 2 — — 
Bignoniaceae — 1 2 
Boraginaceae 6 5 4 
Bromeliaceae — 1 3 
Buxaceae 1 — — 
Campanulaceae 7 1 2 
Cannabinaceae 1 — — 
Cannaceae — 2 2 
Capparidaceae — 2 1 
Caprifoliaceae S — — 
Caricaceae — — 1 
Caryophyllaceae 8 16 5 
Chenopodiaceae 5 8 6 
Cistaceae 1 — 1 
Commelinaceae 4 9 5 
Compositae (Asteraceae) 46 50 37 
Convolvulaceae 3 10 9 
Crassulaceae 1 1 1 
Cruciferae (Brassicaceae) 9 8 22 29 
Cucurbitaceae 12 30 14 
Cyperaceae — — 2 
Dilleniaceae 1 — — 
Dioscoreaceae — — 2 
Dipsacaceae — 3 — 
Ericaceae 1 — 1 
Euphorbiaceae 4 3 7 
Fabaceae (Leguminosae, Papilionaceae) 24 26 37 
Gentianaceae 6 — — 
Geraniaceae 3 8 10 
Gesneriaceae 1 — 1 
Gramineae (Poaceae) 5 14 
Helleboraceae 7 — — 
Hydrangeaceae 1 — — 
Hydrophyllaceae — 3 2 
Iridaceae 3 2 10 
Labiatae (Lamiaceae) 24 12 6 
Liliaceae 7 21 49 
Linaceae — — 1 
Lobeliaceae — 3 2 
Loganiaceae 1 — — 
Lythraceae — 1 — 
Magnoliaceae 1 — — 
Malvaceae 2 8 9 
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Table 2 (continued) 
Family 




Martyniaceae 1 — 
Moraceae 1 1 — 
Musaceae 4 6 12 
Myrtaceae — — 1 
Nolanaceae — 1 
Nyctaginiaceae 1 1 
Oleaceae 3 — — 
Onagraceae ( Oenotheraceae) 1 4 2 
Orchidaceae 1 1 — 
Oxalidaceae — — 2 
Papaveraceae 2 4 4 
Passifloraceae 2 7 — 
Pedaliaceae 1 1 — 
Phytolaccaceae 2 2 2 
Piperaceae 3 — — 
Plantaginaceae - - — 2 
Plumbaginaceae — 3 
Polemoniaceae 4 4 — 
Polygonaceae 4 3 4 
Polypodiaceae — 1 
Pontederiaceae — 2 
Portulacaceae 1 1 1 
Primulaceae 24 4 1 
Proteaceae — — 1 
Ranunculaceae 21 6 3 
Resedaceae — 1 1 
Rhamnaceae 1 — — 
Rosaceae 7 — 3 
Rubiaceae — — 1 
Rutaceae — 1 5 
Sapindaceae — — 1 
Saxifragaceae 5 2 
Scrophulariaceae 8 14 13 
Solanaceae 27 149 20 
Thymeleaceae 2 1 
Tropaeolaceae 1 — 1 
Typhaceae — 1 
Umbelliferae (Apiaceae) 27 6 5 
Urticaceae 1 — — 
Valerianaceae 3 — 1 
Verbenaceae 1 1 6 




Araceae: Arum italicum, Spathiphyllum sp. 
Bignoniaceae: Eccremocarpus scaber 
Boraginaceae: Anchusa italica, Cynoglossum amabile, Echium lycopsis, Heliotropium 
arborescens, Myosotis sylvatica 
Bromeliaceae: Ananas comosus 
Campanulaceae: Campanula medium 
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Cannaceae: Canna indica, С. sp. 
Capparidaceae: Cleome spinosa, Polanisia trachysperma 
Caryopliyllaceae: Agrostemma githago, Arenaria montana, Dianthus barbatus, D. chinen-
sis, Gypsophila elegáns, Lychnis alba, L, chalcedonica, L. haageana-Hybrids, L. viscaria, Me-
landrium silvestre (HORVÁTH 1977, unpublished)*, Saponaria cerastioides*, Silene orientális, 
S. pendula*, S. tatarica*, S. vulgaris, Spergula arvensis 
Cheuopodiaceae: Atriplex liortensis, A. sibirica (syn.: Obione sibirica)*, Beta lomato-
gona*, B. macrocarpa (syn.: B. vulgaris ssp. macrocarpa)*, B. vulgaris ssp. macrocarpa (syn.: 
B. macrocarpa)*, Chenopodium album, C. hybridum, Obione sibirica (syn.: Atriplex sibirica)* 
Commelinaeeae: Commelina clandestina*, C. communis, С. diffusa, С. elegáns, С. erecta, 
C. graminifolia*, С. tuberosa*, Tradescantia sp., Zebrina pendula 
Compositae (Asleraceae): Ageratum houstonianum, Ambrosia artemisiifolia var. elatior, 
Anthémis arvensis, A. cotula, Arctotis stoechadifolia var. grandis, Aster amellus, Bellis perennis, 
Calendula arvensis, Callistephus hortensis, Centaurea moschata, Chrysanthemum carinatum, C. 
coronarium, C. hortorum, C. leucanlhemum, C. morifolium, C. myconis, C. parthenium, C. segè-
tum, C. sp., C.Xspectabile, Cichorium endivia, Coreopsis tinctoria, Cosmos bipinnalus, Crassina 
elegáns, Dahlia-Hybrids, D. pinnala, Dimorpotheca sinuata, Emilia sagiltata, Eupatorium can-
nabinum, Gaillardia pulchella var. picta, Helenium hoopesii, Helianthus annuus, H. debilis, 
Helichrysum bracteatum, Helipterum manglesii, H. roseum, Hieracium pilosella, Lactuca scariola 
(syn.: L. serriola), L. serriola (syn.: L. scariola), Lonas annua, Matricaria chamomilla, Rud-
beckia hirta, R. sp., Senecio viscosus, Tagetes erecta, T. patula, T. tenuifolia, Verbesina encelioi-
des, Zinnia angustifolia, Z. pumila (HORVÁTH 1977, unpublished)* 
Convolvulaceae: Convolvulus sp., С. tricolor, Cuscuta campestris, С. subinclusa, Ipomoea 
batatas, I. lacunosa, I. nil, I. purpurea, I. trichocarpa, I. tricolor 
Crassulaceae: Sedum spurium 
Cruciferae (Brassicaceae): Brassica campestris var. napobrassica, B. kaber, B. oleracea 
var. acephala, В. oleracea var. botrytis, В. oleracea var. capitata, В. oleracea var. gemmifera, 
В. oleracea var. gongylodes, В. pekinensis, Camelina sativa, Capsella grandiflora, Conringia 
orientális, Diplotaxis viminea*, ErysiumXallionii, E. cheiranthoides, Lepidium sativum, Mal-
colmia flexuosa, M. littorea, M. maritima, Matthiola incana var. annua, Nasturtium officinale, 
Raphanus caudatus, Sisymbrium altissimum 
Cucurbitaceae: Benincasa hispida, Bryonia dioica, Chayote edulis (syn.: Sechium edule), 
Colocynthis vulgaris*, Cucumis sativus, Cucurbita andreana*, C. lagenaria, C. moschata, C. pepo 
convar. clypeata*, C. pepo convar. oblonga*, C. pepo convar. patissonina f. radiata*, C. pepo 
convar. piriformis*, C. pepo convar. pomiformis*, C. pepo var. aurantiformis*, C. pepo var. 
melopepo, C. pepo var. ovifera, C. pepo var. subrotunda*, C. pepo var. verrucosa*, Cyclanthera 
explodens*, C. pedata*, Lagenaria siceraria, L. siceraria var. cugurda*, Luffa acutangula, L. sp., 
Melothria guadalupensis, M. scabra, Momordica balsamina, M. charantia, Sicana odorifera, 
Trichosanthes anguina 
Dipsaeaceae: Dipsacus sp., Scabiosa atropurpurea, S. japonica 
Euphorbiaceae: Euphorbia marginata, E. splendens, Ricinus communis 
Fabaeeae (Leguminosae, Papilionaceae): Cajanus indicus, Crotalaria intermedia, C. muc-
ronata, Dclichos lablab, Glycine max, Lalhyrus odoratus, Lens culinaris (syn.: L. esculenta), 
L. esculenta (syn.: L. culinaris), Lupinus hartuiegii, L.-Hybrids, L. polyphyllus, Melilotus albus, 
M. officinalis, Phaseolus acutifolius var. latifolius, P. aureus, P. calcaratus, P. limensis, P. 
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vulgaris, Trifolium incarnatum, T. pratense, T. repens, Trigonella foenumgraecum, Vicia faba, 
V. faba var. minor, Vigna sesquipedalis, V. unguiculata 
Geraniaceae: Erodium ciconium*, E. cicutarium, E. gruinum*, E. malacoides*, E. 
manescavi*, E. moschatum*, Geranium dissectum*, G. sibiricum* 
Gramineae (Poaceae): Euchlaena mexicana, Holcus sorghum, Seeale cereale, Triticum 
aeslivum, Zea mays 
Hydrophyllaceae: Nemophila manziesii, Phacelia tanacetifolia, P. whiilavia 
Iridaceae: Gladiolus hortulanus, Sparaxis sp. 
Labiatae (Lainiaceae): Coleus blumei, C. lanugiosus, Majorana sp., Marrubium vulgare, 
Ocimum canum*, 0. carnosum (HORVÁTH— BESEDA 1979), 0. sanctum*, 0. selloi, 0. viride 
(BESEDA—HORVÁTH 1980), Salvia coccinea, S. patens, Stachys lanata 
Liliaceae: Allium сера, Calochortus sp., Colchicum autumnale, Fritillaria pudica, Glo-
riosa rothschildiana, Hyacinthus orientális, Lilium auratum, L. broumii, L. canadense, L. for-
mosanum, L. harrisii, L. longiflorum var. formosum, L. monadelphum, L. regale, L. sargentiae, 
L. speciosum, L. speciosum var. rubrum, L. superbum, L. umbellatum, L. wallacei, Tulipa 
gesneriana 
Lobeliaceae: Lobelia erinus, L. gracilis, L. tenuior 
Lythraccae: Lythrum salicaria 
Malvaceae: Hibiscus manihot, Lavatera trimestris, Malope trifida, Malva borealis, M, 
moschata, M. neglecta*, M. pusilla*, M. verticillata* 
Marantaceae: Maranta arundinacea 
Moraceae: Humulus scandens 
Musaceae: Ensete glaueum, Musa banksii, M. ensete, M. textilis, M. textilisXM. balbi-
siana, M. Textilis X M. Banksii 
Nolanaeeae: Nolana paradoxa (HORVÁTH 1977, unpublished) 
Nyctaginiaceae: Mirabilis jalapa 
Onagraceae (Oenotheraceae): Clarkia elegáns, Godetiaoena am, Oenothera biennis, 'O, 
tetragona 
Orchidaceae: Miltonia sp. 
Papaveraceae: Papaver alpinum, P. glaucum, P. orientale, P. rhoeas 
Passifloraceae: Adenia sp., Passiflora alba, P. foetida, P. ligularis, P. suberosa, P. sub-
peltata, Tacsonia sp. 
Pedaliaceae: Sesanum indicum 
Phytolaccaceae: Phytolacca acinosa (syn.: P. esculenta), P. esculenta (syn.: P. acinosa) 
Polemoniaceae: Cobaea scandens, Gilia capitata, G. liniflora, Phlox drummondii 
Polygonaceae: Fagopyrum esculenlum, Rheum rhaponticum, Rumex crispus 
Portulacaceae: Portulaca grandiflora 
Primulaceae: Anagallis arvensis, Primula sinensis, P. veris, P. vulgaris 
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Raiiunculaceae: Delphinium cultorum, D. formosum, D.-Hybrids, D. nudicaule, D. par-
ryi var. maritimum, Ranunculus asiaticus 
Resedaceae: Reseda odorata 
Rutaceae: Citrus medica 
Scrophulariaceae: Asarina barclaiana, Cymbalaria muralis, Erinus alpinus, Linaria bi-
partita, L. maroccana, Mimulus moschatus, Nemesia strumosa, Paulownia fargesii*, Pentste-
mon hartwegii, P. sp., Torenia fournieri, Verbascum phoeniceum, Veronica longifolia, Zala-
zianskya villosa 
Solanaceae: Atropa bella-donna, Rrowallia americana (syn. : R. demissa)*, R. cordata*, 
R. demissa (syn.: R. americana)*, R. grandiflora*, R. roezli*, R. speciosa, R. viscosa*, Capsi-
cum annuum cv. Rogyiszlói vastaghúsú*, С. annuum cv. Cecei édes*, С. annuum cv. Csokros 
csüngő*, C. annuum cv. Csokros felálló /.*, C. annuum cv. Csokros felálló IE*, С. annuum cv. 
Hatvani hajtatási*, C. annuum cv. Korai halványzöld*, C. annuum cv . Kovácsházi hajtatási*, 
C. annuum cv. Magyar kincs*, C. annuum cv. Tétényi hajtatási zöld*, Datura ceratocaula*, 
D. chlorantha (syn.: D. humilis)*, D. fastuosa cv. Alba*, D. gigantea (syn.: D. tatula)*, D. 
godronii cv. Minka*, D. humilis (syn.: D. chlorantha)*, D. inermis (syn.: D. stramonium f. 
inermis)*, D. inoxia, D. leichardtii*, D. metel, D. meteloides, D. rosei*, D. stramonium f. inermis 
(syn.: D. inermis)*, D. tatula (syn.: D. gigantea)*, Hyoscyamus niger, Lycium barbarum (syn.: 
L. halimifolium)*, L. carolinianum*, L. chinense*, L. europaeum*, L. flexicaule*, L. halimi-
folium (syn.: L. barbarum)*, L. horridum*, L. ruthenicum*, L. turcomanicum*, Lycopersicon 
esculentum cv. Kecskeméti 363.*, L. esculentum cv. Kecskeméti konzerv*, L. esculentum cv. 
Pécs gyöngye*, Nicandra physaloides, Nicotiana affinis, N. alata, N. bigelovii var. quadri-
valvis, N. chinensis*, N. clevelandii, N. glulinosa, N. knightiana*, N. langsdorffii, N. pani-
culata, N. quadrivalvis*, N. repanda, N. rustica, N. sanderae, N. sylvestris, N. tabacum cv. 
Debreceni*, N. tabacum cv. Érdi*, N. tabacum cv. Hevesi*, N. tabacum cv. Kerti*, N. tabacum 
cv. Szabolcsi*, N. tabacumX N. glutinosa, Petunia atkinsiana*, P. hybrida cv. Rose de Haven 
amélioré*, P.-Hybrids, P. inflata (HORVÁTH 1977, unpublished), P. nyctaginiflora (HORVÁTH 
1977, unpublished), P. parviflora*, P. violacea, Physalis alkekengi, P. curassavica (HORVÁTH— 
BESADA 1980, in preparation), P. floridana, P. heterophylla, P. heterophylla var. nyctaginea, 
P. ixocarpa*, P. lagascae, P. peruviana*, P. peruviana var. macrocarpa*, P. philadelphica*, P. 
pruinosa*, P. rigida, P. sp., P. subglabrata, P. viscosa*, Salpiglossis sinuata, Schizanthus wise-
tonensis, Solanum acaule, S. antipoviczii, S. atropurpureum, S. aviculare, S. berthaultii, S. 
boliviense, S. brachycarpum, S. bukasovii, S. canadense, S. capsicastrum, S. caribaeum, S. ca-
ripense, S. Carolinense, S. catarthum, S. chacoense, S. chomatophilum, S. demissum, S. demis-
sumXS. tuberosum 'A6'-Hybrid*, S. depexum, S. famatinae, S. fendleri, S. gibberulosum, S. gi-
gantophyllum, S. gourlayi, S. hjertingii, S. hougasii, S. integrifolium, S. jamesii, S. kesselbren-
neri, S. kurtzianum, S. laciniatum, S. longipedicellatum, S. microdontum, S. miniatum, S. 
nigrum var. guineense, S. nodiflorum, S. oxycarpum, S. pampasense, S. phureja, S. pinnatisec-
tum, S. polyadenium, S. raphanifolium, S. roslratum*, S. rybinii, S. sanctae-rosae, S. schrei-
teri, S. sogarandinum, S. sparsipilum, S. spegazzinii, S. stenotomum, S. stoloniferum, S. subti-
lius, S. tarijense, S. torvum, S. triflorum, S. tuberosum ssp. aemulans, S. tuberosum ssp. andige-
num, S. vernei, S. villosum 
Umbelliferae (Apiaceae): Ammi majus*, A. visnaga*, Anthriscus cerefolium, Antirrhi-
num majus, Eryngium aquaticum, Foeniculum vulgare 
Verbenaceae: Verbena-Hybrids 
Violaceae: Viola cornuta 
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Plants resistant against infection with the cucumber mosaic virus 
Among the tested plants 402 species of 244 genera and 71 families (Table 2) were report-
ed once or more to be resistant to infection with this virus. Due to the improvement of inocu-
lation techniques, 131 of these species (designated by a question mark in the l ist of tested 
plants) proved to be susceptible. So the actual number of resistant plants should he 271 species. 
In the following the total number of tested plants resistant to cucumber mosaic virus is listed: 
Acanthaceae: ? Ruellia tuberosa, Thunbergia alata 
Aizoaceae: Aptenia cordifolia* 
Amaranthaceae: Amaranthus cruentus, 1 A. dubius, A. hybridus, ? A. retroflexus, ? A. 
spinosus, ? Celosia argentea, ? Gomphrena globosa 
Amaryllidaceae: Amaryllis (Hippeastrum) vittatum, Hymenocallis spp., ? Narcissus ta-
zetta, Vallota purpurea 
Apocynaceae: ? Catharanthus roseus 
Araceae: Philodendron spp., Xanthosoma spp. 
Balsaininaceae: ? Impatiens bulsamina 
Begoniaceae: ? Begonia semperflorens 
Bignoniaceae: Bignonia capreolata, Incarvillea delavayi 
Boraginaceae: Anchusa azurea, A. officinalis, Heliotropium peruvianum, ? Myosotis 
scorpioides 
Bromeliaceae: Ananas sativus, Dendropogon usneoides (syn.: Tillandsia usneoides), Til-
landsia fasciculala, T. usneoides (syn.: Dendropogon usneoides) 
Campanulaceae: ? Campanula medium, Platycodon grandiflorum 
Cannaceae: Canna edulis, C. glauca 
Capparidaeeae: ? Cleome spinosa 
Carieaceae: Carica papaya 
Caryophyllaceae: Alsine media, Cerastium tomentosum, ? Dianthus caryophyllus, D. plu-
marius, Gypsophila paniculata 
Chenopodiaceae: Beta vulgaris, ? B. vulgaris var. cicla, ? Chenopodium album, C. botrys, 
Kochia scoparia, ? Spinacia oleracea 
Cistaceae: Helianthemum sp. 
Commelinaceae: Commelina coelestis, ? C. nudiflora, ? C. sp., Tinantia erecta (syn.: T. 
fugax)*, T. fugax (syn.: T. erecta)* 
Compositae (Asteraceae): Achillea millefolium, ? Ageratum houstonianum, Ambrosia 
artemisiifolia, Aster novae-angliae, A. spp., Bidens cynapiifolia, B. leucantha, B. pilosa, 
? Calendula officinalis, ? Callistephus chinensis, 1 Centaurea cyanus, ? Chrysanthemum carina-
tum, C. coccineum, ? C. leucanthemum, ? C. morifolium, ? C. parthenium, ? Cichorium endivia, 
? C. intybus, Coreopsis drummondii, ? C. tinctoria, ? Cosmos bipinnatus, ? Crassina elegáns, 
1 Dahlia pinnata, ? D. variabilis, Emilia sonchifolia, Erigeron spp., Gaillardia pulchella, 
* Denotes new resistant plants against cucumber mosaic virus (HORVÁTH 1976, 1979b) 
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? Heiichrysum bracteatum, ? Lactuca sativa, L. sativa var. capitata, L. sativa var. crispa, L. sativa 
var. longifolia, Parthenium argentalum, Senecio cruentus, ? Sonchus oleraceus, Tragopogon porri-
folius, ? Zinnia elegáns 
Convolvulaceae: ? Convolvulus tricolor, ? Ipomoea batatas, I. quinquefolia, I. setosa, 
? I. sp., Cuscuta californica, ? C. campestris, C. sandwichiana, C. subinclusa 
Crassulaceae: Sedum acre 
Cruciferae (Brassicaceae): Brassica alba (syn.: В. hirta), ? В. campestris var. napo-
brassica, B. hirta (syn.: B. alba), ? В. napus, ? В. nigra, В. oleracea, ? В. oleracea var. acephala, 
? В. oleracea var. botrytis, ? В. oleracea var. capitata, В. oleracea var. caulorapa, ? B. oleracea 
var. gemmifera, 1 B. oleracea var. gongylodes, B. oleracea var. viridis, ? В. pekinensis, В. тара, 
B. тара var. depressa, ? Cheiranthus cheiri, Crambe abyssinica*, C. armena*, C. cordifolia*, 
C. hispanica*, ? C. maritima*, C. orientális*, C. tataria*, ? Iberis umbellata, Lepidium virgini-
cum, ? Lobularia maritima, ? Matthiola incana, ? Raphanus sativus 
Cucurbitaceae: Citrullus citrullus, C. vulgaris, С. vulgaris var. fistulosus, ? Cucumis melo, 
С. myriocarpus*, ? С. sativus, ? Cucurbita lagenaria, Ecballium elaterium, Lagenaria leucantha 
(syn.: L. siceraria), L. siceraria (syn.: L. leucantha), L u f f a aegyptiaca (syn.: L. cylindrica), 
L. cylindrica (syii.: L. aegyptiaca), ? Momordica charantia, Sechiuni edule 
Cyperaceae: Cyperus compressas, С. esculentus 
Dioscoreaceae: Dioscorea alata, D. bulbifera 
Ericaceae: Leiophyllum buxifolium* 
Euphorbiaceae: Adenorhopium gossypifolium (syn.: Jatropa gossypifolium), Codiaeum 
variegatum, ? Euphorbia marginata, E. pulcherrima, Jatropa gossypifolium (syn.: Adenorhopium 
gossypifolium), Manihot esculenta (syn.: M. ullissima), M. ultissima (syn.: M. esculenta), 
? Ricinus communis 
Fabaceae (Leguminosae, Papilionaceae): Arachis hypogaea, Canavalia ensiformis, C. 
gladiata, Cassia tora, Chapmannia floridana, ? Cicer arielinum, Clitoria ternatea, Crotalaria 
speclabilis, C. spp., Desmodium incanum, ? Dolichos lablab, Glycine hispida, ? G. max, 1 Lathy-
rus odoratus, Lens esculenta, Lupinus albus, L. hirsutus, ? L. mutabilis, 1 L. polyphyllus, ? Medi-
cago sativa, Melilotus alba, ? M. officinalis, ? Phaseolus culcaratus, ? P. limensis, ? P. lunatus, 
? P. vulgaris, P. vulgaris cv. Red Kidney*, ? Pisum sativum, ? Trifolium hybridum, ? T. incar-
natum, ? T. pratense, ? T. repens, ? Vicia faba, V. sativa, V. villosa, ? Vigna sisnensis, ? V. 
unguiculata 
Geraniaceae: Geranium cristatum*, G. columbianum*, G. lucidum*, G. molle*, G. pra-
tense*, G. pusillum*, G. pyrenaicum*, G. robertianum*, ? G.rotundifolium*, Pelargonium zonale 
Gesneriaccae: Sinningia speciosa 
Gramineae (Poaceae) : Avena sativa, Cynodon dactylon, ? Holcus sorghum, Hordeum vul-
gare, Oryza sativa, Panicum barbinode, Poa pratensis, Saccharum officinarum, Sorghum vulgare, 
Stenotaphrum secundatum, Tricholaena repens (syn.: T. rosea), T. rosea (syn.: T. repens), ? Triti-
cum aestivum, ? Zea mays 
Ilydrophyllaceae: Nemophila insignis, Phycelia campanularia 
Iridaeeae: Belamcanda chinensis, Freesia hybrida, Gladiolus lemoinei, Iris filifolia, 1 I. 
germanica, I. pallida, I. versicolor, Moraea iridioides, Tigridia pavonia, Tritonia crocata 
Labiatae (Lamiaceae): ? Coleus lanuginosus, ? L ami um amplexicaule, Leonotis nepetae-
folia, ? Mentha spicata, Physostegia virginiana, ? Salvia splendens 
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Liliaceae: Agapanthus africanus, ? Allium сера, A. cernuum, A. odorum, A. speciosum, 
Aloë spp., Asparagus asparagoides, ? A. officinalis, A. plumosus, A. sprengeri, Asphodeline 
lutea, Brodiaea uniflora, Camassia leichtlinii, Convallaria majalis, Dracaena sanderiana, Erythro-
nium spp., Galtonia candicans, Haivorthia altilinea, Hemerocallis flava, Hosta plantaginea, 
Kniphofia tucki, K. uvaria, Lilium davidi, L. hansonii, L. henryi, L. humboldtii, L. martagon 
var. album XL. hansonii, L. nepalense, L. pardalinum, L. pardalinum var. giganteum, L. parryi, 
L. parvum, ? L. sargentiae, IL. superbum, Muscari polyanthum, Nothoscordum fragrans, Ophio-
pogon jaburan, Ornilhogalum thyrsoides, Sansevieria thrysiflora, S. zeylanica, Smilacina race-
mosa, Smilax spp., Tricyrtis hirta, Trillium spp., ? Tulipa gesneriana, Uvularia sessilifolia, 
Yucca baccata, Y. flaccida, Y. gloriosa 
Linaceae: Linum sp. 
Lobeliaceae: Isotoma longiflora, ? Lobelia erinus 
Malvaceae: Abelmoschus esculentus, Althaea rosea, Gossypium hirsutum, G. spp., ? Hi-
biscus esculentus, II. rosa-sinensis, Malva rotundifolia, Modiola virginica, Sida carpinifolia 
Musaceae: Musa balbisiana, ? M. banksii, M. cavendishii, M. ornatus, M. paradisiaca, 
M, paradisiaca subsp. sapientum, M. paradisiaca subsp. sapientum var. cinerea, M. paradisiaca 
subsp. sapientum var. lacatan, M. paradisiaca subsp. sapientum var. suaveolens, M. sapientum 
var. compressa, ? M. textilis, ? M. textilis X M. balbisiana 
Myrtaceae: Psidium guajava 
Nyctaginiaceae: ? Mirabilis jalapa 
Onagraceae (Oenotheraceae): ? Clarkia elegáns, Jussiaea angustifolia 
Oxalidaceae: Ionoxallis violacea, Xanthoxalis corniculata 
Papaveraceae: Eschscholzia californiaca, ? Papaver orientale, ? P. rhoeas, P. somniferum 
Phytolaccaceae: Phytolacca decandra, Rivina humilis aurantica 
Plantaginaceae: Plantago major, P. spp. 
Plumbaginaceae: Limonium lalifolium, L. sinuatum, Statice armeria 
Polygonaceae: Eriogonum fasciculatum, Polygonum aviculare, Polypodium vulgare, Ru-
mex occidentalis 
Polypodiaceae: Adianthum capillus-veneris 
Pontederiaceae: Piaropus crassipes (syn.: Eichhornia crassipes), Pontederia cordala 
Portulacaceae: ? Portulaca grandiflora 
Primulaceae: ? Primula vulgaris 
Proteaeeae: Grevillea robusta 
Ranunculaceae: ? Aquilegia caerulea, ? Delphinium cultorum, Nigella damascena 
Resedacea: ? Reseda odorata 
Rosaceae: Geum chiloense, Rosa dilecta, R. laevigata 
Rubiaceae: Asperula odorata 
Rutaceae: Citrus aurantium, Citrus grandis, Citrus nobilis, С. sinensis, С. spp. 
Sapindaceae: Cardiospermum halicacabum 
Saxifragaceae: Heuchera sanguinea, Saxifraga sp. 
5* Acta Agronomica Academiae Scientiarum Hungaricae 29, 1980 
350 VARIA 
Scrophulariaceae: Antirrhinum majus, Digitalis purpurea, Gerardia divaricata, Linaria 
canadensis, L. floridana, Pentstemon alpinus*, P. attenuatus*, P. calycosus*, P. cardinalis*, 
P. hirsutus*, P. laevigatas*, P. ovalus*, P. whippleanus* 
Solanaceae: ? Capsicum frutescens, C. frutescens var. cerasiforme, Datura spp., ? D. stra-
monium, ? Lycopersicon esculentum, L. lycopersicon, ? Nicotiana glauca, ? N. glutinosa, ? N. 
rustica, ? N. tabacum, ? Petunia hybrida, ? P. violacea, ? Physalis angulata, ? Salpiglossis 
sinuata, Schizanthus pinnatus, ? Solanum caribaeum, ? S. dulcamara, ? S. melongena, S. pseudo-
capsicum, ? S. tuberosum 
Thymeleaceae: Daphne cneorum 
Tropaeolaceae: ? Tropaeolum majus 
Typhaceae: Typha anguslifolia 
Umbelliferae (Apiaceae): Apium graveolens, ? Apium graveolens var. dulce, Celeri gra-
veolens, Ferula communis, Trachymene caerulea 
Valerianaceae: ? Valeriana officinalis 
Yerbenaccae: Clerodendron fragans, Lantana camara, L. sellowiana, Valerianoides yamai-
censis, Verbena hybrida, V. venosa 
Violaceae: Viola floridana, ? V. odorata, V. primulifolia, ? V. tricolor 
Ziugibcraceae: Hedychium coronarium 
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INORGANIC AND O R G A N I C N T R A N S P O R T OF X Y L E M SAP 
I N ROOTS OF D E C A P I T A T E D MAIZE H Y B R I D S 
B y studying the absorbing and assimilating activities of the root system of maize under 
the same external conditions and at identical stages of plant development information can 
be obtained on various hereditary features of the nutrient synthesis in inbred lines and hybrids 
w i t h d i f f e r e n t g e n o t y p e s ( C L A R K S O N 1 9 7 6 , A M O S — S C H O L L 1 9 7 7 , P I N T É R et al. 1 9 7 7 a , S Z U N D Y 
1978). 
The analysis of x y l e m sap, used b y m a n y researchers (ANDERSON et al. 1970, MENGEL— 
S I M I C 1 9 7 3 , U K H I N A 1 9 7 6 , K A R M O K E R — V A N S T E V E N I N C K 1 9 7 8 , VON S C H R Ä D E R — P R Z E M E C K 
1978), proved suitable for demonstrating the inorganic N-forms taken up by the root system 
and for studying how they are transported and transformed into organic compounds. 
In Hungary the exudation of xy lem sap from the root and the transformation of N com-
pounds were studied b y POTAPOV—DÉZSI (1954) in wheat and by POTAPOV—CSEH (1955) 
in decapitated maize. Collecting sap separately twice a day they found that at flowering time 
the exudat ion of xylem sap lasted for 9 days after the decapitation, while the amount of sap 
and the nutrient concentration gradually decreased. 
When studying the xylem sap of decapitated maize DÉVAY—GÁSPÁR (1958) clarified 
the nutrit ion biology relations of the main and lateral shoots using labelled nutrients. 
LÁNG—GÁTI (1958) collected x y l e m sap and leaf samples at 9 different development 
stages of maize. According to the results of their investigations, changes in the quantity and 
composit ion of the x y l e m sap may predict how the dry matter weight and chemical com-
posit ion of the leaves will develop. The authors examined the same local variety under different 
ecological and growing conditions. 
According to PÁLFI (1966), as a consequence of dense sowing there may be sharp com-
pet i t ion between maize plants with fully developed root systems as to the amount of xylem 
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sap accumulated in 12 hours and the concentration of nutrients. This phenomenon may be 
even more apparent between different varieties or hybrids. 
Spacing causes changes not only in the morphology and metabolism of the root system, 
but also, of course, in the aboveground organs and the yield, as pointed out by DABIAN (1973),  
N É M E T H — P I N T É R ( 1 9 7 5 ) , B O N A P A R T E ( 1 9 7 5 ) a n d S Z U N D Y ( 1 9 7 8 ) . 
In the present experiment the xy l em sap transported by detached roots was used to 
identify the major groups of nitrogen compounds fixed in inorganic and organic forms, and 
to establish the total amount of nitrogen in the sap. 
The intensity of synthesis in the root system is indicated by the extent to which the 
inorganic N compounds arc transformed into organic forms (TENDILLE et al. 1972, MENGEL— 
S I M I C 1 9 7 3 , U K H I N A 1 9 7 6 , K A R M O K E R — V A N S T E V E N I N C K 1 9 7 8 , P I N T É R et al. 1 9 7 8 B ) . I n t h e 
present experiment the synthesizing act iv i ty of the root system was studied by means of 
quantitative determination of free amino acids and proteins in xylem sap accumulated in 
12 hours. 
The investigations were aimed primarily at comparing the synthesis and nitrogen-
transport in the root system of two maize hybrids with different genotypes under identical 
growing conditions and at the same stage of plant development. 
The collection and analysis of xy l em sap from detached roots were carried out with 
two maize hybrids with different genotypes, namely: 
1. Sze DC 289 ( F A O 289) (GK1 x GK3) ( G K 2 x W 3 7 A ) , 
2. К SC 360 ( F A O 360) (A90X 153R) 
The experimental plants were grown on an 80 cm deep humic, highly calcareous meadow 
chernozem soil (sandy loam). The plots were given 400 kg/ha mixed fertilizer at a ratio of 
2 : 1 : 1 (N : P203 : K 2 0) . The land had been sown exclusively to maize for 8 years. 
The two hybrids were sown at different dates so as to achieve a coincidence in the final 
phases of shooting. The plant density was 6.0/m2 (plants spaced at 7 0 x 2 3 . 5 cm in alternat-
ing rows). 
Xylem sap was collected twice at the end of shooting: 
1. at Kuperman's development stage VII of male flowering (two weeks before female 
flowering); 
2. at Kuperman's development stage VIII of male flowering (one week before female 
flowering). 
On hot summer days the xylem sap could easily begin to decompose during the 12-hour 
collecting period, so night sap was analysed. No essential difference in the quantity and com-
position of N-compounds in day and night saps collected from maize was found by POTAPOV—-
CSEH (1955). The xy lem sap was collected for 12 hours from 7 p.m. to 7 a.m. next morning. 
In order to prevent the protoplasm of the cells destroyed by the fine saw used for 
cutt ing from disturbing the determination of the protein the cut surface was smoothed down 
with a razor blade, then washed several times with sterile distilled water. 
To prevent the multiplication of microbes ethanol and 50 mg/lit. streptomycin were 
added to the sap receivers, as suggested by GREENWAY (1970). The volume of sap obtained 
from 15 plants per hybrid was measured and used to calculate the volume for 10. The con-
centrations refer to 1 ml pure xylem sap. 
The nitrate N concentrations of root exudates were determined by the phenol-disulphic 
acid method according to LANGE (1961). The NH4-N was determined with Nessler's reagent 
against a standard series. 
The qualitative determination of free amino acids was carried out using ascending one-
and two-dimensional paper or thin layer chromatography. The solvent was a mixture of 
butanol-acetic acid-water (3 : 1 : 1), and in the second dimension a phenol-water (4 : 1) 
mixture was used. The staining developer was 0.5% acetone ninhydrine, and copper nitrate 
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solution was used to f ix the colours. During the developing process cadmium-ninhydrine, 
a compound which immediately f ixes and provides an easily eluable stain, was also used. 
The method used to determine the total eluation amino acids has already been published 
(PÁLFI 1970, PÁLFI et al. 1973). Asparagine was measured against a standard (PÁLFI et al. 
1973, 1977). 
For the protein determination the turbidimetric method of COLOWICK—KAPLAN (1957)  
was employed, with 3 kinds of reagent, each of them in 4 replications; the results were averag-
ed. The concentrations of the chemicals producing turbidity were raised fourfold compared 
to those given in the description of the method: 1. 20% trichloro-acetic acid; 2. 10% sulpho-
salicilic acid; 3. 4% potassium ferrocyanide + 0.3 ml acetic acid. 1 ml reagent was added 
to 4 ml xylem sap. 
The N 0 3 - N , NH 4 -N, total amino acid and total protein contents were determined 
b y spectrophotometry, each sample in 4 replications. If the error exceeded ± 5 % of the average 
result, the whole measurement was repeated. 
The concentrations of free amino acids and of the nitrogen in TCA-precipitable proteins 
were determined by spectrophotometry against a standard NH4C1 series after 24 hours of 
destruction with a sulphuric acid-perchloric acid mixture at 300°C, followed by neutralization, 
dilution as required and nesslerization. 
Table 1 shows that the quantities of xy lem sap collected in 12 hours from the 10 decapi-
ta ted roots (No. 1) were not very large in any of the hybrids compared to the results obtained 
w i t h t h e local v a r i e t i e s (POTAPOV—CSEH 1 9 5 5 , DÉVA Y—GÁSPÁR 1958, LÁNG—GÁTI 1958 ,  
P Á L F I 1 9 6 6 ) . 
Table 1 
Total amount of xylem sup collected in 12 hours from 10 decapitated roots of two maize hybrids, 
the inorganic N concentration and N output (expressed as nitrogen), and the free amino acid and 
amide concentration in fig/ml. "Output" means the total amount of xylem sap exudated in 12 hours 
by the 10 decapitated roots multiplied by the N-content of inorganic, or the N-concentration of organic 
compounds (in mg) 
Sap collection 
Sap amoun t s (nil), concentra t ions 
(ug/ml) and ou tpu t s (nig) No. 1 No . 2 
SzeDC 289 KSC 360 j SzeDC 289 KSC 360 
1. Amount of sap collected in 12 hours from 10 
roots; ml 150 50 102 47 
2. Nitrate-N concentration converted to N: //g/ml 197 310 235 245 
3. Nitrate-N output from 10 roots; mg 29.6 15.5 24.0 11.5 
4. NH 4 -N concentration converted to N; /tg/ml 39 85 55 68 
5. NH 4 -N output from 10 roots; mg 5.9 4.3 5.6 3.2 
6. Total concentration of N in inorganic com-
pounds; /xg/'rril 236 395 290 313 
7. Total N output of inorganic compounds; mg 35.5 19.8 29.6 14.7 
8. Total concentration of free amino acids; /tg/ml 902 760 659 1094 
9. Glutamine concentration; jUg/ml 120 30 160 130 
10. Asparagine concentration; fig/ml 200 40 230 150 
The analytical results are averages of 4 replications; deviations from these (errors) are 
below ± 5 % of the average results. 
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The difference between the two hybrids in the quant i ty of sap transported within the 
s a m e length of t ime was as much as 300 and 200%. Apart from the root pressure the major 
determining factor of the water absorbing and transporting capacities in whole, i.e. intact , 
p l a n t s is transpiration. Lower root pressure may be compensated by a higher intens i ty of 
transpiration. 
According to MOZHAEVA et al. (1978) the root pressure that produces the x y l e m sap 
•consists of osmotic and non-osmotic components . The results of these authors suggest that 
the level of water uptake by the root s y s t e m depends primarily on the size of the non-osmotic , 
a c t i v e , energetic component , which is related to the carbohydrate reserves. Thus, the intens i ty 
of water absorption is closely related not only to the water content of the soil but also to the 
biological, hereditary properties of the plants (CLARKSON 1976, AMOS—SCHOLL 1977, KAR-
M O K E R — V A N S T E V E N I N C K 1 9 7 8 , P I N T É R et al. 1 9 7 8 b , V O N S C H R Ä D E R — P R Z E M E C K 1 9 7 8 ) . 
According to the data in Table 1 the nitrate-N concentrations are considerable in both 
hybrids (No. 2), while the N H j-N concentrations only amount to 1/3 and 1/4, respectively, 
c f the nitrate concentrat ions (see 2 and 4 in Table 1). Considering that only traces of N bound 
as nitrite ( N 0 2 - N ) were found in the sap, the sum of the concentrations of these two inorganic 
N- forms also represents the total amount of inorganic N. According to the data on x y l e m sap 
col lected on two occasions the sura of the concentrations of inorganic N-forms tends to vary 
w i t h the hybrids. E x a c t , comparable results are only obtained when the concentrat ions are 
mult ipl ied by the tota l amount of sap collected from the 10 decapitated roots in 12 hours. 
The total inorganic N output of the transported saps can then be determined. 
From point 7 in Table 1 it can be established tha t on both occasions when sap was 
col lected the hybrid Sze DC 289 transported considerably larger quantit ies of total inorganic 
N than the hybrid К SC 360 (the differences being 80 and 100%, respectively !). And al though 
t h e total concentration of the inorganic N-forms (point 6) in К SC 360 was higher than in 
Sze DC 289 on both occasions, it could not compensate for the very great differences in the 
a m o u n t of xy lem sap. 
When s tudying the forms of nitrogen fixed in organic compounds the first step was 
the qualitative determinat ion of free amino acids in the x y l e m sap. No qual i tat ive differences 
were found either in the free amino acid composit ion of the two hybrids, or between the results 
of the two xy lem sap collections. The dominant role of amino acid-amides, i.e. of asparagine 
and glutamine, is general ly typical of the composition. To characterize the composit ion a two-
dimensional chromatogram developed from xy lem sap No. 1 of the hybrid Sze DC 289 is 
presented (Fig. 1). 
Figure 1 shows that generally all the protein-forming amino acids are found in the x y l e m 
sap . Tryptophane and phenylalanine disintegrate daring this method of deve lopment , so t h e y 
were determined separately. Cystine and cysteine, as well аз valine and methionine appear 
i n a single, complex spot , y-amino-butyric acid, an important component in the transamination 
of plants, cannot be found in the x y l e m sap of the hybrids. In the green aboveground parts 
of the plants this amino acid can be found in a fairly high concentration, especially when 
t h e r e i s a w a t e r d e f i c i t ( P Á L F I 1 9 6 9 , P Á L F I — J U H Á S Z 1 9 7 1 , P I N T É R et al. 1 9 7 7 a ) . 
From Table 1 it can be established that the total free amino acid and amide concentra-
t ions of the xy lem sap are significant in both hybrids (points 8, 9 and 10). The highest con-
centrat ion of all was measured in hybrid К SC 360, on the second occasion of xy lem sap col-
lecting (point 8). I t can also be seen tha t in the f irst sap sample from Sze D C 289 the total 
•concentration of amides exceeded 1/3 of the total amino acids, while in the second sample 
i t was more than half. A similar excess of amides in x y l e m sap was found earlier in maize, 
w h e a t and rice (PÁLFI 1966). The physiological role and importance of amides in exudates 
o f decapitated roots have been ment ioned by other authors (MENGEL—SiMic 1973, IZMAYLOV 
e l al. 1973, PINTÉR et al. 1977a, VON SCHRÄDER—PRZEMECK (1978). In addition, the con-
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Pig. I . Qualitative composition of free amino acids demonstrated in the root x y l e m of the 
hybrid Sze DC 289 (Sap No. 1). The solvent was butanol-acetic acid-water (3 : 1 : 1) in the 
first dimension, and phenol-water (4 : 1) in the second one. The staining developer was nin-
hydrine, the f ixative copper nitrate reagent. The dominance of amino acid-amides, i.e. aspara-
gine and glutamine (Asn, Gin), is apparent 
centration of asparagine in the xylem sap of the two hybrids examined here was substantially 
higher than that of glutamine in both samples, which corresponds to the fact that maize is 
a "C4" type species as regards photosynthesis. The authors have also demonstrated (PLNTÉR 
et al. 1977a, 1978a), that when the plant suffers from a water deficit, asparagine dominates 
in the leaves too. 
A comparison of the data in Table 2 reveals that there were considerable differences 
between the sum amounts of total free amino acids and amides (point 5) in the two hybrids 
at both samplings. Hybrid Sze DC 289 transported nearly twice to four times as much total 
amino acids as hybrid К SC 360. However, prior to drawing any conclusions from the extent 
of amino acid synthesis in the roots, it is worth examining the most complex compounds 
formed in the two hybrids: the total protein. 
The high protein concentrations transported by the hybrid К SC 360 compensated 
almost completely for the great differences shown in the amount of xylem sap in favour of 
the hybrid Sze DC 289. Thus a relatively small difference appeared in the protein outputs 
of the two hybrids (point 7) during both sap collections (7.1 and 11%, respectively). Hence, 
the considerable advantage of the xylem sap of Sze DC 289 in the synthesis and transport 
of free amino acids was scarcely realized in protein formation in the root system. 
As regards the total led concentrations of all inorganic and organic N-forms (point 10 in 
Table 2) the hybrid К SC 360 again attained a substantially higher level than Sze DC 289. 
In spite of this, the total N outputs of all nitrogen compounds measured in the x y l e m sap 
(point 11) showed higher values for Sze DC 289 than for К SC 360. The difference in favour 
of Sze DC 289 in total transported nitrogen was 91.7 and 56.6% respectively. 




Total free amino acid and amide outputs of xylem sap exudated in 12 hours by 10 decapitated roots 
of two maize hybrids (mg). Total protein concentration and output of xylem sap, and N-concentra-
tion and output of all inorganic and organic compounds measured (pgjml and mg, respectively) 
Sap collection 
Concentrations a n d ou tpu t s No. 1 No. 2 
SzeDC 289 KSC 360 SzeDC 289 KSC 360 
1. Total amino acid output; mg/sap of 10 roots 135.3 38.0 67.3 51.4 
2. Glutamine output; mg/sap of 10 roots 18.0 1.5 16.3 6.1 
3. Asparagine output; mg/sap of 10 roote 30.0 2.0 23.5 7.1 
4. Total amide output; mg/sap of 10 roots 48.0 3.5 39.8 13.2 
5. Total amino acid and amide output; mg/sap of 
10 roots 183.3 41.5 107.1 64.6 
6. Total protein concentration; mg/ml 0.75 2.10 1.15 2.25 
7. Total protein output; mg/sap of 10 roots 112.5 105.0 117.3 105.7 
8. Total, output of all organic compounds mea-
sured; m g 295.8 146.5 224.3 170.3 
9. N-output of all organic compounds measured; 
mg 47.3 23.4 35.9 27.2 
10. N concentration of all inorganic and organic 
compounds measured; /ig/'ml 551.0 864.0 642.0 893.0 
11. N output of all inorganic and organic compounds 
measured; mg/sap of 10 roots 82.8 43.2 65.6 41.9 
The concentrations are averages of 4 replications; deviat ions from these (errors) are 
below ± 5 % of the averages. 
The total nitrogen o u t p u t under ident ical external condi t ions in the two hybrids with 
different genotypes was t h u s quite different on both occasions of sap collecting. However , 
this surplus of chiefly inorganic nitrogen, b u t also of nitrogen f i x e d in the form of free amino 
acid and amide in the hybr id Sze DC 289, w a s not manifested either in the dry matter of the 
stalks and leaves, or in the quality and quant i ty of the grain yield, as has been indicated 
in other papers (PINTÉR et al. 1977b, 1978a). 
I t was also found t h a t the potassium output of the total x y l e m sap collected in 12 hours 
from 10 decapitated roots of hybrid Sze D C 289 was 50.8% higher on the f irst , and 116.9% 
higher on the second occas ion of sap col lect ion than that of К SC 360. This fac t somewhat 
explains the higher level of x y l e m sap col lected in 12 hours in hybrid Sze D C 289. 
* 
Prepared at the Józse f Attila Univers i ty , Department of P lant Physiology, and Cereal 
Research Inst i tute , Szeged. G. PÁLFI, L. PINTÉR, ZS. PALFI 
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EFFECT OF LEAF AREA REDUCTION ON GRAIN YIELD A N D YIELD COMPONENTS 
I N MAIZE (ZEA MAYS L.) H Y B R I D S WITH D I F F E R E N T GENOTYPES 
In maize production a reduction in the leaf area due to hailstorms, drought, Helmintho-
sporium turcicum or rough detasselling often occurs in Hungary. 
The effect of defoliation at the 10- and 16-leaf stage of maize was studied by SINGH—-
NAIR (1975a, 1975b). The removal of some of the leaf area at the 10-leaf stage resulted in a 
yield increase. Defoliation at the 16-leaf stage had a considerable yield-decreasing effect. 
NÉMETH—PINTÉR (1975) and PINTÉR et al. (1977) also found a substantial decrease in yield 
after defoliation at flowering time. 
When studying the effect of defoliation on the yield components SINGH—NAIR (1975a) 
obtained reduced number, size and weight of grains. TOLLENAAR—DAYNARD (1978) found 
that defoliation during or immediately after flowering decreased the grain setting and the 
number of grains, while it reduced the thousand-grain-weight if carried out later. JOHNSON 
(1974) studied the relation between the area of leaves at different heights and the yield com-
ponents, and demonstrated a close positive correlation between the area of leaves above the 
ear and the thousand-grain-weight. The number of grain-rows was found not to depend on 
the area of leaves at various heights. 
In the course of our investigations answers were sought to the question of whether 
defoliation in hybrids with different genotypes would result in identical rates of change in 
the grain yield per plant, and also which of the yield components (length of ear, thousand-
grain-weight, number of grain-rows) was responsible for the reduced grain yield. 
In the experiment the following hybrids with different genotypes and vegetation 
periods, bred or maintained at the Cereal Research Institute, Szeged, and commercially 
produced in Hungary were used: 
Sze MSC 515 
Sze SC 565 
Sze TC 255 
Sze DC 289 
К SC 360 
Sze SC 369 
Sze DC 384 
Be 418 
FAO 255 (GK71XGK72) 153R 
FAO 289 (GK1XGK3) ( G K 2 x W 3 7 A ) 
FAO 360 A90X153R 
FAO 369 153RX Szv293 
FAO 384 (GK73X C22) (GK5X WF9) 
FAO 418 A632 X 153R-base 
FAO 515 (A632XGK17) GK13 
FAO 565 Oh43/KX A632 
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Table 1 
Trend in the air-dry grain yield of a plant ( g ) 
Hybrid 
To ta l leaves 
Leaves above the main ear 
left 
1976 1977 1976 1977 
Sze TC 255 167.8 155.1 126.1 139.3 
Sze DC 289 167.6 155.4 98.7 98.3 
К SC 360 180.1 165.8 118.0 133.0 
Sze SC 369 181.1 176.4 149.2 162.9 
Sze DC 384 158.1 160.8 91.9 113.0 
Be 418 177.7 168.0 151.0 134.2 
Sze MSC 515 251.5 207.6 148.5 135.6 
Sze SC 565 227.7 204.2 160.1 172.3 
SDs% 14.27 10.59 16.62 11.52 
SDi% 18.95 13.93 22.13 15.15 
* The decrease in yield obtained with only the leaves above the main ear left as a per-
centage of the control (total leaf area). 
The experiment was carried out at the "Ságvári" experimental station of the Cereal 
Research Institute, Szeged, (at a latitude of 46° N under temperate climatic conditions) 
in 1976 and 1977. 
When female flowering occurred the leaves of each hybrid were removed to different 
extents. The following treatments were, accordingly, set up: 1. control, with all the leaves 
left , 2. leaves above the main ear left, 3. half the leaves above the main ear left. In 1976 the 
treatments were performed with 15 plants per plot without replication, and in 1977 with 
12 plants per plot, a total of 36 plants, with 3 replications, in a random block design. The 
1976 experiment, which was set up without replication, was made possible by the homo-
geneity of the soil. 
Planting was carried out in both years with a sowing gun, placing 3 seeds per hill at 
a row distance of 70 cm to obtain a stand density of 6 plants/m2 . By thinning at the 6—8-leaf 
stage single plants per hill were left. 
Harvesting was carried out for each hybrid at 30% grain moisture content. The plants 
were processed one by one in an air-dry state (14% grain moisture content). The evaluation 
was also made for each plant separately. To check the reproducibility of the data a correlation 
coefficient (r) between the data of the two years was computed for each parameter and the 
significance was determined. The symbols * = Р50/, ** = Рг%, *** = Pi% and **** = Po.l% 
were used to indicate the significance. 
Assuming a linear correlation between the grain yield per plant and the yield com-
ponents correlation coefficients were computed to assess the effect of the yield components 
on the grain yield. For the calculations the results of the different treatments and years were 
grouped according to hybrids. 
With respect to the data for grain yield per plant in the two years (Table 1), correlation 
coefficients of r = 0.9625**** for the total leaf area, r = 0.8434*** for leaves above the main 
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under the influence of leaf area reduction 
Half t h e leaves above the 
m a i n ear left 
S D S % SD i % Yield decrease* (%) 
1976 1977 1976 1977 1976 1977 1976 1977 
45.0 74.4 19.51 9.95 26.02 13.22 24.8 10.2 
61.8 75.1 15.95 10.36 21.23 13.66 41.4 36.7 
88.4 91.9 15.03 9.42 20.06 12.52 34.5 19.8 
100.9 110.7 15.93 11.84 21.35 15.72 17.6 7.6 
42.4 70.0 18.51 11.49 24.72 15.27 41.9 29.7 
102.7 98.9 16.23 9.24 21.63 12.27 15.0 20.1 
122.6 101.7 17.62 12.54 23.51 16.65 40.9 34.7 
117.9 136.3 13.82 11.69 18.48 15.41 29.7 15.6 
17.81 10.69 
23.62 14.06 
car, and r = 0.8654*** for half the leaves above the main ear were obtained. This shows 
the reproducibility of our measurements. The different rates of defoliation decreased the grain 
yield per plant at the Piyo level in both years , with a single exception. The exception was 
the 1977 difference in grain yield per plant between the total leaves and the leaves above 
the main ear in Sze SC 369, which was only significant at the Ps% level. 
Taking the SDs% value obtained for the control (total leaf area left) into consideration, 
the hybrids showed the same order of succession in the two years as far as the grain yield 
data are concerned. In treatments representing the reduction of the leaf area this order of 
succession is modified, which suggests tha t in hybrids wi th different genotypes the same 
stress results in different rates of decrease in the grain yield per plant. This statement is con-
firmed b y the percentage values for the yield decrease per hybrid (Table 1). The coefficient 
of correlation between the values of the two years is r = 0.7994**. These facts show the 
reproducibility of the trend and the difference in vulnerability between the hybrids. 
For the length of the grain-covered ears in the two years (Table 2) corrélation coeffi-
cients of r = 0.8347*** for the total leaf area, r = 0.8351*** for leaves above the main ear, 
and r = 0.7493* for half the leaves above the main ear were obtained, which proves the 
reproducibility of our measurements. The decrease in the length of grain-covered ear as a con-
sequence of defoliation was caused by the fact that the seeds at the top of the ear 
were unable to develop, tha t is, grain sett ing was abnormal. In treatments representing the 
reduction of the leaf area the length of grain-covered ear decreased significantly at the Pi% 
level in b o t h years in all hybrids, except in one case. The exception was the difference in 
1976 be tween leaves above the main ear and half the leaves above the main ear in К SC 360. 
For the grain-row data of the two years (Table 3) correlation coefficients of r = 
= 0.9938**** with the total leaf area, r = 0.9557**** with leaves above the main ear, and 
r = 0 .7508* with half the leaves above the main ear were obtained, which proves the repro-
ducibility of our data. The grain-row data of hybrids obtained in the control agree well. On the 
basis of significant differences at the Ps% level 5 of the 8 hybrids could be distinguished in 1976 
and 4 in 1977. This confirms the well-known fact that the number of grain rows is genetically 
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Table 2 
Trend in grain-covered ear length ( cm ) under the influence of leaf area reduction 
Hybrid 
Tota l leaves Leaves above the 
main ear left 
Half the leaves above 
the main ear left 
SD 5 % 
SDs% 
1976 1977 1976 1977 1976 1977 1976 1977 1976 1977 
Sze TC 255 18.2 17.4 15.7 15.4 9.3 12.9 2.87 1.13 3.83 1.49 
Sze DC 289 16.5 16.2 13.6 13.4 10.9 11.4 2.02 0.99 2.70 1.31 
К SC 360 18.0 18.4 14.1 14.9 13.7 13.6 0.89 0.98 1.19 1.30 
Sze SC 369 19.7 19.3 16.9 17.5 14.6 14.6 1.15 0.85 1.54 1.13 
Sze DC 384 16.1 15.6 12.1 13.9 8.3 12.1 1.98 0.96 2.65 1.21 
B e 418 18.1 18.1 16.3 15.2 14.4 13.6 1.31 0.70 1.76 0.93 
Sze MSC 515 19.5 18.0 14.6 15.4 11.9 13.8 0.97 0.95 1.30 1.26 
Sze SC 565 20.4 18.2 16.4 16.0 14.2 13.8 1.11 0.71 1.49 0.94 
SD 5% 1.05 0.81 1.35 0.75 2.24 1.05 
SDi% 1.39 1.06 1.78 0.99 2.96 1.37 
Table 3 
Trend in number of grain-rows ( n ) under the influence of leaf area reduction 
Hybrid 
Tota l leaves Leaves above the 
main ear left 
Half the leaves above 
the main ear lef t SD 5 % S D 1 % 
1976 1977 1976 1977 1976 1977 1976 1977 1976 1977 
Sze TC 255 12.8 12.7 11.5 12.1 7.5 11.4 2.30 0.85 3.08 1.11 
Sze DC 289 14.7 14.7 14.1 14.6 12.4 12.8 n s 0.78 n s 1.03 
К SC 360 13.1 12.8 12.1 12.4 10.9 11.6 1.05 0.93 1.40 1.22 
Sze SC 369 11.7 12.2 12.0 12.1 11.7 11.9 n s n s n s n s 
Sze DC 384 16.3 16.6 14.0 15.5 10.2 14.5 2.26 0.99 3.02 1.31 
B e 418 14.9 14.6 14.8 14.7 14.1 14.0 n s n s n s n s 
Sze MSC 515 18.3 18.4 17.3 16.4 14.5 13.3 1.37 1 . 0 0 1.84 1.32 
Sze SC 565 17.6 17.3 17.3 17.1 17.1 17.3 n s n s n s n s 
SOS»/« 1.03 0.86 1.24 0.81 2.24 0.94 
SDi% 1.37 0.90 1.32 1.07 2.97 1.24 
ns = no significant difference 
determined. The decrease in the number of grain-rows as a response to defoliation thus indicates 
an irregularity in the fertilization. 
In 2 of a total of 16 observations made over two years the removal of leaves below 
the main ear resulted in a significant decrease in the number of grain-rows compared to the 
control (in Sze DC 384 at Pso/o, in Sze MSC 515 at Pi%). When only half the leaves above the 
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main ear were left, a s ignif icant decrease in the number of grain-rows compared to the control 
was found in 9 of the 16 cases. In 3 of the hybrids , however, the treatments caused no change 
in the number of grain-rows in either of the two years (Sze SC 369, Be 418, Sze SC 565). The 
above results show that the same extent of defoliation disturbs the fertilization of hybrids 
with different genotypes in varying degrees. 
The coefficients of correlation b e t w e e n the thousand-grain-weight data of the two 
years (Table 4) were r = 0.9049*** with t h e total leaf area, r = 0.7590* wi th leaves above 
the main ear, and г = 0.9375**** with half the leaves above the main ear lef t , which again 
shows the reproducibility of our data. The decrease in the thousand-grain-weight as a response 
Table 4 
Trend in thousand-grain-weight ( g ) under the influence of leaf area reduction 
H y b r i d 
Total leaves Leaves a b o v e t h e 
main ear l e f t 
Half the leaves above 
the main ear le f t 
SD 5 % S I ) i % 
1976 1977 1976 1977 1976 1977 1976 1977 1976 1977 
Sze TC 255 362.2 332.4 349.8 301.5 263.7 309.9 79.20 19.99 ns 23.90 
Sze DC 289 323.5 285.1 318.0 273.8 270.2 269.4 41.11 ns ns ns 
К SC 360 339.3 343.0 307.5 333.3 314.0 322.9 17.41 11.57 23.27 15.37 
Sze SC 369 380.7 386.6 380.8 377.2 369.7 355.9 ns 16.80 ns 22.32 
Sze DC 384 257.5 259.3 249.9 244.6 204.7 250.6 ns ns ns ns 
Be 418 316.5 310.3 312.3 306.0 310.3 311.7 ns ns ns ns 
Sze MSC 515 346.2 352.8 323.7 325.0 312.5 336.7 28.04 13.94 35.12 18.52 
Sze SC 565 314.3 308.7 308.8 309.4 213.0 246.6 18.95 14.30 25.33 18.85 
SDs% 18.83 10.99 26.99 15.05 58.05 17.68 
SDi% 25.01 14.46 35.85 19.79 77.11 23.25 
ns = no significant difference 
Table 5 
Correlation between grain yield per plant and yield components ( r ) 
H y b r i d N u m b e r 





Sze TC 255 0.8832** 0.8052 0.9788**** 
Sze DC 289 0.8301* 0.6189 0.9875**** 
К SC 360 0.9532*** 0.7960 0.9497*** 
Sze SC 369 0.4190 0.8216* 0.9791**** 
Sze DC 384 0.9064** 0.7758 0.9623*** 
Be 418 0.0568 0.4086 0.9757**** 
Sze MSC 515 0.8640* 0.6973 0.9224*** 
Sze SC 565 0.7223 0.8340* 0.9657*** 
* = Ps%; ** = Рг%; *** = Pi%; **** = Po.i% 
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to defoliation shows that the grain filling is abnormal. The removal of the leaves below the 
main ear only resulted in a significant decrease in thousand-grain-weigbt at the Pj% level 
in a single case (K SC 360 in 1976) out of a total of 16 observations in two years, compared 
to the control. It was only in 3 hybrids each year that the removal of the leaves below, 
and half the leaves above the main ear did not significantly decrease (at the Ps% or Pi% 
level) the tbousand-grain-weight. On the basis of the above it can be established that the 
same rate of defoliation disturbs the grain filling in hybrids with different genotypes to 
varying extents. 
The correlation between the grain yield and the yield components examined is shown 
b y the correlation coefficients in Table 5. The table reveals that the reduction of grain yield 
per plant is accounted for primarily by a decrease in the length of grain-covered ear, to some 
ex tent by the lower number of grain-rows, and least of all b y the reduced thousand-grain-
weight . There seemed to be a correlation between the changes in the latter two yield com-
ponents in the individual hybrids. In hybrids where no reliable correlation was found between 
the number of grain-rows and the grain yield, a significant correlation was obtained, with 
one exception (Be 418), between the thousand-grain-weight and the grain yield. This shows 
that under the stress caused by defoliation the plants are unable to produce a higher number 
of grains. This phenomenon is also a property characteristic of the genotype. 
* 
Prepared at the Cereal Research Institute, Szeged. 
L . P I N T É R 
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ULTRASONIC T R E A T M E N T ON MAIZE S E E D 
An increasing number of publications have dealt recently with the st imulation of seeds 
or developing plants by physical methods. Experience shows that a higher percentage of seeds 
treated in this way germinate, the initial development of the seedlings accelerates, and under 
opt imum conditions the yields may even be larger. Such effects have been observed after 
various high energy ionizing radiations, under the influence of electric and magnet ic fields, 
ultrasonic irradiation, and most recently in consequence of laser radiation. 
Ultrasonic experiments on plants and seeds have a history of several decades. The first 
observations on living plants were made by JOHNSON (1929). H e found that ultrasonic pressure 
and suction waves destroyed the plants, since carbonic acid accumulated in the plant cells 
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as a consequence of the ul trasonic irradiation, and owing to the great difference in pressure 
the cell membrane burst. I n the second ha l f of the 1940s more intensive research began, 
through w h i c h i t has b e c o m e known that a short period of l o w intens i ty radiat ion st imulates 
the germinat ion of seeds a n d the d e v e l o p m e n t of plants, whi le high intens i ty radiat ion of 
longer durat ion may have an inhibitory or e v e n lethal effect. I n t h e case of low rate irradiation 
BERENTS (1948) observed t h e acceleration of germination in beans and peas. W h e n irradiated 
with high doses , on the o ther hand, the seeds s topped developing after a week, a n d the plants 
died. WOLTERS (1958) s t u d i e d the effects of ultrasonic irradiation on barley grain and bean 
seed. H e performed the t r e a t m e n t s at var ious frequencies and at intensit ies of 0 . 0 5 — 1 2 Watt 
per cm 2 , a n d established w h a t treatment parameters were required if a more favourable 
germinat ion percentage of seeds were to be a t t a i n e d compared to the control. Accord ing to his 
inves t igat ions if the seeds were dried after t h e treatment this d iminished or comple te ly counter-
acted t h e e f fec t of the ul trasonic irradiation. HESSE (1952) f ound the o p t i m u m treatment 
parameters to be specific for species and v a r i e t y . Rusu—LUCA (1960) reported on favourable 
results ob ta in ed when trea t ing maize. For t h e irradiation of the seeds an ultrasonic generator 
operated a t 1.4 MHz was u s e d ; the t rea tment period was 3, 5 a n d 7 minutes, and the intensity 
012, 0 .23 , 0 .30 and 0.51 W a t t / c m 2 . With 3 m i n u t e s of irradiation ATTAULLAEV (1965) achieved 
a 13.4% yie ld increase in t h e variety V I R - 1 5 6 . Under ident ical conditions the same author 
obta ined a 31% yield increase in one maize hybrid when irradiation was carried out for one 
minute us ing a 1.25 M H z ultrasonic generator . VERES (1973) experimented w i t h ultrasonic 
irradiation on the seeds of f i e ld crops. Accord ing to her invest igat ions a few m i n u t e s of irradia-
t ion resu l ted in earlier germinat ion, increased the germination percentage, and caused a 10— 
30% increase in yield. T h e same author de termined the o p t i m u m time of t r e a t m e n t , at which 
the y ie ld st imulation appeared , for several horticultural crops. Further she m e n t i o n s experi-
ments re lated with the large-scale applicat ion of the method, i .e. w i th the ultrasonic irradiation 
of larger quantit ies of seed. GUIDA—GORSHKOV (1974), on the other hand observed no increase 
in the germination percentage , but found t h a t the germinative power improved and the green 
mass increased as a result of the ultrasonic treatment of maize seed. They t rea ted the seed 
for 5 m i n u t e s at varying frequencies (450, 9 6 0 or 2880 K H z ) a n d intensit ies (2, 6 or 8 Wat t / cm 2 ) 
and a t t a i n e d quicker emergence, a shorter vegetat ion period and a 5 . 2 % increase in 
yield. 
S o m e of the u l trasonic irradiation i n the present exper iment was carried out with 
a Kretz ultrasonic generator operating a t 800 K H z frequency wi th a barium t i tanate head 
with an approx. 9 c m 2 a c t i v e surface. T h e intens i ty could be varied from 0 to 3 .6 Watt /cm 2 . 
The rad ia t ion treatments were applied at c lose quarters b y placing a 100 ml g lass vessel wi th 
a rubber membrane b o t t o m immediate ly over the transducer head and coupl ing i t wi th dis-
tilled water . During the treatment the seeds , which were p laced in all cases i n 80 ml water, 
were mechanical ly stirred in order to ensure uniform irradiation. 
For the higher i n t e n s i t y treatments a Lehfeldt u l trasonic generator w i t h a quartz-
crystal transducer and equipped with a circulatory water cool ing was used. H e r e again the 
f r e q u e n c y was 800 K H z , while the m a x i m u m intensity w a s 8 Wat t / cm 2 . Seed of the maize 
hybrid Szegedi 71 were treated in water conta ined in a glass vesse l with a rubber membrane 
b o t t o m b u t this time t h e b o t t o m of the g lass vessel was at a distance of 3 cm f r o m the trans-
ducer. 
T h e transducer w a s water cooled i n b o t h apparatuses. Addit ional cool ing only had to 
be appl ied to the seed in the 8 W a t t / c m 2 apparatus. 
I n the first phase of the exper iment the parameters a t which the germinat ing ability 
of t h e seeds considerably decreased or w a s reduced by 5 0 % were determined for both ultra-
sonic apparatuses. The a i m was to e laborate treatments which could be e x p e c t e d to result 
in s t imulat ion when appl ied in field tr ials . The germination experiments , as already men-
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Table 1 
E f f e c t of irradiation at 3 and 8 W/cm2 intensity on the germinating ability 
of the maize hybrid Szegedi-71 
I n -
tens i ty , 
W / c m ' 
Trea tment per iod (minutes) 
С 
5 10 15 20 25 30 35 40 45 
Average 92.81 94.0 93.8 94.5 94.0 93.3 76.0 65.7 27.3 3.7 
3 Deviation 1.47 1.67 1.94 2.17 2.25 2.00 5.41 5.99 1.67 1.05 
SDs% 
-
2.34 2.56 2.69 2.83 2.59 5.88 6.47 2.34 1.89 
Average 92.5 93.8 94.4 94.7 88.7 82.7 52.4 14.3 — — 
8 Deviation 1.63 1.83 1.37 1.47 2.32 3.90 2.32 2.03 — 
SDso/0 2.59 2.24 2.31 2.98 4.42 2.98 2.75 - — 
t ioned, were carried out for the maize hybrid Szcgedi-71 wi th 6 X 1 0 0 seeds in Petri dishes, 
as laid down in the Hungarian standard. The germination percentages relating to the different 
treatment periods, the standard deviations of the data, and the values for significant differ-
ences compared to the control (on the basis of the standard deviation in lines with similar 
elements) are shown in Table 1. 
In the course of these investigations no significant increase was found in the germina-
t ion percentage of the treated maize grains because of the high rate of germination in the 
control itself. 
It can he seen from the data that the germination curves have a non-significant ascend-
ing phase in the shorter, generally 5 to 15 minute treatment periods at both intensities (a simi-
lar trend was observed with seeds of other plants too). Treatment periods longer than this 
reduce the germination percentage. 
At an irradiation intensity of 3 Watt / cm 2 a 30-minute treatment resulted in a signif-
i cant decrease in the germination percentage, and in the case of treatments longer than 
35 minutes more than 50% of the seeds were destroyed. A t an intensity of 8 Watt /cm 2 a 20-
minute treatment significantly reduced the germination percentage, while w i t h treatments 
longer than 30 minutes more than 50% of the seeds were destroyed. At an intensity of 8 
W a t t / c m 2 a 20-minute treatment significantly reduced the germination percentage, while 
w i t h treatments longer than 30 minutes more than 50% of the seeds lost their germinating 
abil i ty. 
In the first phase of the experimental work it was noted that 5 to 15 minutes of irradia-
t ion resulted in earlier germination compared to the control. I t was therefore thought necessary 
to s tudy the course of germination. For this purpose 1-—7 days after the treatment a count 
w a s made of seedlings which had radicles at least 2—3 m m long. The results are shown in 
Fig. 1. 
On the first day only seeds treated for 5—15 minutes began to germinate, and until 
the fourth day of germination their germinating power was significantly higher than that 
of the control. On the f i f th day, when the control had also reached an 82% level of germina-
t ion, the difference was no longer significant. However, the earlier germinating plants showed 
a higher dry matter production at all stages. 
To clarify the stimulative effect a small plot field trial was set up with 4 replications. 
Szegedi-71 hybrid maize seeds were given ultrasonic irradiation treatment at 3 Watt /cm 2 and 
8 W a t t / c m 2 intensity, for 5, 10 and 15 minutes. Some of the treatments were carried out in 
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Fig. 1. Effect of ultrasonic treatment on the course of germination in the maize hybrid Szege-
di-71 on the 1st, 2nd, 3rd, 4th, 5 th and 7th days 
distilled water, and the rest in 1% Wuxál microelement culture solution. Untreated dry 
seeds were sown as a control (Table 2). 
As can be seen from the data in Table 2 the best crop results were obtained with the 
shorter, higher in tens i ty treatment. The use of 1% W u x á l solution proved advantageous 
because it caused a further increase in yield in the case of the 5—10 minute treatments, and 
lessened the yield reduction occurring after a longer period of treatment. In this case the 
temperature of the treatment medium did not change compared to the distilled water treat-
ment , regardless of whether the intensi ty of radiation w a s 3 or 8 Watt /cm 2 . 
The 5-minute treatment at 8 W / c m 2 showed a significantly better result than any 
of the 3 W/cm2 treatments . At an intensity of 8 W / c m 2 only a short (5 minute) treatment 
is justified, since a longer irradiation t ime may substantially reduce the yield. At an intensi ty 
of 3 W/cm 2 the largest yield was attained with the 10-minute treatment. The 15-minute 
treatment was found to be unfavourable in both cases, as it only resulted in a slight (if a n y ) 
yield increase compared to the control. 
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Table 2 
E f f e c t of ultrasound on yield per plot in the maize hybrid Szegedi-71 
Yield, kg/plot 
in distilled w a t e r in 1 % Wuxá l solution 
3 W/cm« 8 W/cm« 3 W / c m ' 8 W/cm« 
5 minutes 29.0 34.5 30.3 37.3 
10 minutes 28.9 28.0 30.9 36.2 
15 minutes 19.8 18.7 27.2 28.4 
Control: 28.2 kg/plot. 
LSD5% = 2.4 kg/plot between the two intensities. 
LSDs% = 2.8 kg/plot between the irradiation media (water and Wuxál solution). 
It can be established from these experiments that ultrasonic treatments of optimum 
length and intensity improve germination, accelerate the initial rate of germination and the 
metabolic processes of the seeds, and increase their permeability, as has been suggested by 
a number of authors. 
As regards the permeability, experiments were carried out in order to s tudy the P 3 1 
uptake of maize grains. Grains irradiated for 10 minutes took up three to four t imes as much 
P 3 2 isotope from a phosphoric acid solution at low concentration as the untreated ones. It can 
thus be assumed that ultrasonic irradiation at 3 W/cm2 also promoted the uptake of the 
Wuxál-solution and of the microelements. Finally it can be noted that the primary ultrasonic 
effects (sound pressure, radiation pressure, interfacial friction, absorption and cavitation) are 
responsible for the physiological stimulation and inhibition. 
On the basis of the experience obtained, the ultrasonic stimulation of seeds of horti-
cultural plants is planned. Considering the smaller size of the seeds in this case, larger amounts 
of seed could be irradiated at a time, and there is also the possibility of increasing the volume 
irradiated to a considerable extent. 
Prepared at the Debrecen University of Agricultural Sciences, Department of Physics 
and Department of Plant Production, Debrecen, and the Research Institute of the Debrecen 
University of Agricultural Sciences, Karcag. 
J . N A G Y , К . PÁSZTOR, J . LAZÁNYI 
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ANATOMY OF W I L D ORCHIDS I N H U N G A R Y . I. T I S S U E S T R U C T U R E 
OF L E A F A N D FLORAL A X I S 
After the complet ion of a taxonomic and geobotanical monograph on the orchids 
of Pannónia and the Carpathian Basin (RORSOS 1952/54, 1959, 1960, 1961, 1962, 1963, 1964,  
1968, BORSOS—Soó 1966) work was started in 1974 on the a n a t o m y of these plants . Since 
the anatomy of wild orchids in Hungary had not been deal t w i t h previously, the author's 
aim was to carry out histological studies on them. The present paper gives an account of the 
results obtained in anatomical examinations of the leaf and s t em. 
The world literature on orchids is abundant and covers all special fields; b u t there are 
comparat ive ly few publ icat ions on the a n a t o m y of these p lants . A comprehensive charac-
terization of all European species is found in the work of CAMUS (1928). Two years later a work 
was published by S O L E R E D E R — M A Y E R (1930) which discussed wi ld genera of the Orchidaceae 
family, some from the tropics and some from the temperate zone, from a histological point 
of view. A detailed orchid monograph by ZIEGENSPECK (1936) gives an anatomical charac-
terization of several genera and species. In several anatomical manuals (ESAU 1969, METCALFE 
1960) brief references to the cytological or histological s tructures of these plants are found. 
The experimental material was collected from many s i tes in Hungary w h e n the orchids 
were f lowering. The tissue structure of the leaf was studied in the following t a x a : 
Anacamptis pyramidalis (L. ) Rich. (Dabas) 
Dactylorhiza incarnata ( L . ) S o ó ( D a b a s ) 
D. maculata (L.) Soó (in the neighbourhood of Esztergom) 
Gymnadenia conopea ( L . ) R . B r . e t A i t . ( D a b a s ) 
Ophrys sphegodes Mill. ( D a b a s ) 
Orchis coriophora L . ( D a b a s ) 
0. laxiflora L a m . s s p . palustris ( J a c q . ) A . e t G . ( D a b a s ) 
О. militaris L . ( D a b a s ) 
O. pallens L. (Bakony Hil ls: Tobánhegy) 
О. purpurea Huds. ( B a k o n y Hills: Tobánhegy) 
Platanthera bifolia (L.) R c h b . (Vértes Hills) 
In addition four further species were subjected to anatomica l investigations on the stem: 
Cephalanthera Damasonium ( M i l l . ) D r u c e ( V é r t e s H i l l s ) 
C. longifolia (Huds.) Fr i t sch (Vértes Hills) 
C. rubra (L.) Rich. (Vértes Hills) 
Cypripedilum calceolus L . 
In our studies o a leaf anatomy, preparations taken f rom the upper and lower epidermis 
of the middle section of l eaves growing on the lower third of the f lower stein were used, together 
with cross-sectional preparations. The epidermis preparations were used to s t u d y the shapes 
of the epidermis cells and the stomata and the pattern of the cell-walls, measurements were 
made on the size of the cells and stomata, and the number and distribution of cells and stomata 
per unit surface area (1 m m 2 ) and the s toma index were determined. In the evaluation a 
hundred measurements on each of f ive specimens per taxon were used. 
The anatomy of the s tem was examined on preparations of cross and longitudinal 
sections from the middle and lower third of the flower s tem. 
All the sections were made from fresh plant material; permanent preparations were 
made from the epidermis, while the cross-section preparations of the stem were made by 
manua l dissection and double staining (SÁRKÁNV—SZALAI 1964, ÚJHELYI 1954). The leaf 
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epidermis preparations of the last four species were not satisfactory, so they are not described 
in the paper. 
1. General characterization of the tissue structure of the leaf The leaves of all the taxa 
studied were of the isolateral homogeneous type. The cells of the upper and lower epidermis 
di f fer in size. In the upper epidermis the cells arc generally larger than in the lower epidermis. 
This difference in size m a y be quite considerable (detailed descriptions are g iven below for 
the individual species). The outer, tangential walls of the cells generally have a cuticle; when 
seen from above they are mostly straight, slightly bent, curved or wavy . In some species 
the upper epidermis is covered with hair. There are stomata between the epidermis cells; they 
are most ly round or oval and have no accessory cells. The leaves of certain species also have 
a greater or lesser number of stomata on the upper epidermis. The stomata differ in size accord-
ing to whether they are on the upper or on the lower epidermis. The number of epidermis cells 
per unit surface area (1 mm 2 ) is connected with the dimensions of the cells and the number 
and size of the s tomata, and depends on whether they originate from the upper or lower 
epidermis of the leaf. 
The mesophyllum, which is rich in chloroplasts, is composed of spongy parenchymatous 
tissue. In the middle of the leaf, around the main vein, it is generally 6—10 cell-rows thick, 
while towards the edges the thickness is 3— 6 cell-rows. The cells are polygonal or irregularly 
rounded, arranged in a closely or loosely f i t t ing pattern with a greater or lesser amount of 
intercellular space between them. The raphid-containing cells also appear in the mesophyllum, 
wi th a frequency varying with the species (KOHL 1899). 
The vascular bundles which run parallel along the length of the leaf generally have 
a circular cross-section and are of the collateral closed type , in which the phloem is adjacent 
to the lower, and the xy lem to the upper epidermis; they are surrounded b y a parenchyma 
sheath. The vascular bundles in the middle of the leaf are usually larger, whi le they decrease 
in size towards the edge of the leaf. 
Differences between the species or genera are negligible with regard t o the structure 
of the mesophyllum, but much more signif icant as regards the structure of the epidermis, as 
shown by the epidermis preparations. The structure of the epidermis is specific to the species, 
almost without exception. Therefore, in discussing the individual species full particulars will 
be given of the results of the examinations. 
2. General description of the tissue structure of the stem. The cross-section of the stem 
is circular, though the costate stem of m a n y species gives a slightly wavy pattern in the cross-
section. 
The epidermis consists of a single cell-row of larger or smaller, close-set cells, with 
a greater or lesser number of somewhat sunken stomata. In some species multicellular hairs 
or possibly emergences appear on the epidermis. The cells are square, or s l ightly flattened 
in a radial direction, wi th a thinner or thicker cuticle on the outer surface, though this may 
be missing altogether. 
The parenchymatous primary cortex ground tissue under the epidermis may differ 
in thickness from 2—3 to 10—12 cell-rows. The cells are usually irregular, or rounded, with 
a larger or smaller intercellular space be tween them; the cell-walls are thin. The cells contain 
a large number of chloroplasts. In some species leaf-trace bundles also appear in this tissue 
(see detailed description). 
The sclerenchyma is usually 3—6 cell-rows thick, though it may he m u c h thicker than 
that ; e.g. in Orchis laxiflora ssp. palustris it is composed of 8—9 cell-rows. The cell-walls are 
thickened to a greater or lesser extent. 
The smaller of the vascular bundles are either found in the sclerenchyma cylinder, 
or adjoin it, imbedded in the ground tissue of the parenchymatous stele. In the latter case 
a multicellular sclerenchyma cap is usually found between the phloem and the sclerenchyma 
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•cylinder. In cross-section these bundles are also seen to form a circle, mostly placed close 
to one another. The larger bundles are found in the centre of the stem, scattered in the paren-
chymatous medulla. 
The vascular bundles are of the collateral closed type. The phloem is composed of sieve-
tubes, accessory cells and phloem fibres; the xy lem consists of tracheides, tracheae and wood-
parenchyma. The phloem is generally larger than the xylem. In a number of species a cap 
composed of sclerenchyma cells, the walls of which are thickened to a greater or lesser extent, 
can also be found above the phloem of the scattered vascular bundles. 
The parenchymatous medulla consists of polygonal or rounded cells, which generally 
become larger towards the centre. There is l i tt le intercellular space. In a number of taxa there 
are breaks in the medulla, so large cavities are sometimes formed in the interior of the stem. 
There are considerable differences be tween the species and genera of wild orchids in the 
tissue structure of the stem. These will be discussed in detail in the characterization of the 
individual species. The anatomical structures of the leaf and stem in the different taxa are 
described below in full detail. 
Anacainptis pyramidalis (L.) Rich. 
L e a f . The cells of the lower epidermis are hexagonal when viewed from above, and are 
longish, wi th straight walls. The average size of the cells is 52.0/«X 101.8/t. The number of 
cells per unit surface area (1 mm 2 ) is 33.19. There is a large number of roundish, slightly oval 
stomata wi th an average size of 49.8 /tX 54.4 /t. The average number of s tomata per mm 2 
is 9.94. The stoma index is 23.04 (Fig. la) . 
The cells in the upper epidermis are larger than those in the lower one; their average 
size is 96.0 /«X 136.2 /t. The cell-wall is straight or slightly curved. There are no stomata. 
The number of epidermis cells per mm2 is 13.73. In cross-section the cells of the lower epidermis 
are somewhat compressed in a radial direction, while those of the upper epidermis are tangen-
tially sl ightly elongated. The mesophyllum consists of 6—8 rows of parenchyma cells with 
rounded walls, rich in chloroplasts. There is l ittle intercellular space between these cells (Fig. 16). 
Fig. la 
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Stem. It has an almost circular, or slightly undulating circular cross-section. The outer, 
tangential wall of the single row of epidermis cells is sl ightly cuticular. The cells show some 
radial elongation and are close-set, with stomate scattered between them. Under the epidermis 
there is a five ccll-row parenchymatous cortex ground tissue, the cells of which are polygonal 
and contain chloroplasts. There are larger or smaller intercellular spaces between the cells. 
There are leaf trace bundles in this layer, which form a circle in cross-section. Within this,. 
Fig. lb 
Fig. lc 
Fig. 1. Anacamptis pyramidalis, a — Detail of the lower leaf epidermis (10X obj., 3.5X oc.); 
b •— Detail of the upper leaf epidermis ( lOX obj., 3.5X ос.); с — Cross-section detail of stem 
( 1 0 X obj., 3.5X oc.). ep = epidermis, chl = ehlorenchyma, lny — leaf trace bundle, szny = 
vascular bundle, scl = sclerenchyma ring, bsz = medulla 
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in the central cylinder, a sclerenchyma ring 4—5 cell-rows thick is seen, but here the cell-
walls are only slightly thickened. This sclerenchyma ring is adjoined by collateral closed 
vascular bundles in the parenchymatous stele ground tissue, thinly spaced in a circle. The 
vascular bundles are mostly scattered towards the interior of the stem. The phloem is generally 
larger than the xylem. There is no sclerenchyma cap above the phloem (Fig. lc). 
Dactylorhiza incarnata (L.) Soó 
Leaf. In the lower epidermis the cells are longish when seen from above, with straight 
walls. The average size of the cells is 57.3 f i x 133.8 fi. There are a large number of oval-shaped 
stomata with an average size of 54.2 pX 74.8 fi. The number of epidermis cells is 28 .74/mm 2 , 
and the number of stomata 10.0/mm2 . The stoma index is 2.5. 
The cells of the upper epidermis are much larger than those of the lower epidermis. 
There are no stomata. The cell-walls are straight. The average size of the cells is 69.6 f i x 280.3 fi. 
The number of epidermis cells is 15.8/mm2. 
Stem. The outer tangential walls of the epidermis cells are convered by a thick cuticle; 
there are s tomata between the cells. The chlorenchyma layer consists of 3—4 rows of rounded 
cells with many intercellular spaces between them. Below this layer (in cross-section, towards 
the interior of the stem) the sclerenchyma ring is 3 — 4 cell-rows thick and the cells are some-
what lignified. In the sclerenchyma ring a few small collateral closed vascular bundles, arranged 
in a circle, can be seen. Among the rounded cells of the parenchymatous stele ground tissue, 
in an inner ring, the other, larger vascular bundles are placed. In the centre of the s tem there 
are breaks in the medulla and a large cavity fills the interior of the stem. 
Dactylorhiza maculata (L.) Soó 
L e a f . The cells of the lower epidermis are medium large with an average size of 74.2 /гХ 
125.2 fi. The cell-walls are curved or slightly undulating. There is a large number of s tomata, 
which are roundish in shape; their average size is 57.6 f i x 67.2 fi. The number of epidermis 
cells is 19.79/mm 2 , and the number of stomata 6 .4/mm 2 . The stoma index is 24.43 (Fig. 2a). 
Fig. 2a 
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In the upper epidermis the cells are large: 115.1 f i x 150.4 fi on average. The cell-wall 
is straight, or at most slightly curved. The stomata, which are few in number, have a roundish 
shape and an average size of 67.2 f i x 77.0 fi. The average number of epidermis cells is 9 .98 /mm 2 , 
and the number of stomata 1.26. The stoma index is 11.20 (Fig. 2b). 
The mesophyl lum consists of 6—9 rows of close-set cells forming a parenchyma tissue 
rich in chloroplasts. Raphid-containing cells are few. 
Fig. 2c 
Fig. 2. Dactylorhiza maculata. a — Detail of the lower leaf epidermis (10 X obj., 3.5 X oc.); 
b — Detail of the upper leaf epidermis ( 1 0 x obj., 3.5 X ос.); с — Cross-section detail of s t e m 
(25 X obj., 3.5X oc.). h t = p h l o e m , f t = x y l e m , s z n y = v a s c u l a r bundle, bp = medullar parenchyma 
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Stern. The epidermis cells show a slight radial elongation, and their outer tangent ia l 
walls have a th ick cuticle. There are stomata b e t w e e n the epidermis cells. The round or irreg-
ular parenchymatous cells of the chlorenchyma are arranged in 4 — 5 rows. The cells are rich 
in chloroplasts; there are a great m a n y intercellular spaces. In this chlorenchyma layer leaf 
trace bundles appear. In the central cylinder t h e sclerenchyma t issue consists of 4 — 5 rows 
of cells w i th s l ightly lignified walls. The smaller vascular bundles adjoin the sc lerenchyma 
ring. Towards the interior of the s tem the larger, closed collateral vascular bundles show 
a scattered arrangement, wi th a large proportion of phloem. No sclerenchyma cap is found . 
The medullar cells are large, and breaks are f o u n d towards the base of the stem (Fig. 2c). 
L e a f . T h e cells of the lower epidermis are relatively small; their outer tangential walls 
have a cuticle. The cell-walls are straight or s l ight ly curved. The average size of the cells is 
61.9 /IX 99.6 fi. The number of epidermis cells is 32.60/mm2 . There are numerous s tomata , 
round or oval in shape, wi th an average size of 4 9 . 8 / I X 61.8/I . The number of s t o m a t a is 
10.78/mm2 . The stoma index is 24.85 (Fig. 3a). 
In the upper epidermis the cells are larger than in the lower one, 91.8 f i x 128. 0 fi on 
average. The cell-walls are s l ight ly curved with a thick cuticle over the outer tangential walls. 
There are very few stomata; t h e y are rounded in shape and have an average size of 50 .4 f i x 
57.6 /I. The number of epidermis cells is 18 .35 /mm 2 , and the number of stomata 2 .7 /mm 2 . 
The stoma i n d e x is 11.0. 
The parenchyma tissue is 4—5 cell-rows thick towards the edges of the leaf, a n d con-
sists of 8—10 cell-rows in the middle. The cells conta in few chloroplasts; there is a fa ir ly large 
number of intercellular spaces be tween the cells. Cells containing raphid also occur. According 
to CAMUS, towards the bot tom of the middle vascular bundles co l lenchyma develops, though 
this has not been found in the Hungarian examples . 
Gyinnadenia conopea (L . ) R. Br. et Ait. 
Fig. 3a 
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Fig. 3b 
Fig. 3. Gymnadenia conopea. a — Detai l of the lower leaf epidermis (10 X obj., 3.5X oc . ) ; 
b -— Cross-section detail of stem (25 X obj., 3.5 X oc.). lit = phloem, f t = xylem, bp = medul-
lar parenchyma 
Stem. The epidermis cells are thickly cuticled wi th many s tomata between the cells. 
The chlorenchyma is 3—4 cell-rows thick with intercellular spaces between the cells. T h e 
scelerenchyma ring is formed by 4 — 6 rows of cells w i t h highly lignified walls. In this layer 
closed collateral vascular bundles are found. In the parenchymatous stele ground tissue there 
is a layer 4—5 cell-rows thick wi th highly lignified walls adjacent to the sclerenchyma ring. 
A scattering of c losed collateral vascular bundles are found here; a sclerenchyma cap develops 
above the phloem (Fig. 3b). 
Ophrys sphegodes Mill. 
Leaf. The wal ls of the lower epidermis cells are slightly curved; a large number o f 
s tomata develop here (no data are available on their size). The cells of the upper epidermis 
are longish and t h e walls are straight. Their average size is 97.7 /1X150.8 /1. There are n o 
stomata. The number of epidermis cells is 11.95/mm2 on average (Fig. 4a). 
The parenchymatous layer is a tissue 3—6 cell-rows thick, rich in chloroplasts, in which 
there are closed collateral vascular bundles. Raphid-containing cells are very rare. 
Stem. The cross-section shows an unribbed circle. The outer wall of the epidermis, which 
is formed by a single cell-row, has a th in cuticle; there are few stomata between the cells. T h e 
chlorenchyma t issue consists of two cell-rows with smaller or larger intercellular spaces between 
the cells. Within the chlorenchyma a sclerenchyma ring 3—5 cell-rows thick, consisting of 
h ighly lignified cells, is found. It is adjoined by a group of closed collateral vascular bundles 
arranged in the form of an outer circle. Among the larger or smaller polygonal or rounded cells 
of the parenchymatous stele ground tissue vascular bundles are found, again arranged i n 
a circle. They have a large phloem and a comparatively small xylem. Thus, the vascular 
bundles are arranged in two concentric circles. The medul la is large wi thout cavities (Fig. 4b). 





Fig. 4. Ophrys sphegodes. a— Detail of leaf epidermis (ÍOX obj., 3 . 5 X ос.): ae. = lower 
epidermis, fe. == upper epidermis; b — Cross-section detail of stem (25 X obj., 3.5 X oc.). 
ep = epidermis, chl = chlorenchyma, sel = sclerencbyma, ht = phloem, ft = xy lem 
Orchis coriophora L. 
Leaf. The cells of the lower epidermis are highly elongated parallel to the longitudinal 
axis of the leaf. The cell-walls are straight; the average size of the cells is 65.4 pX 295.8 p. 
The average number of epidermis cells is 14.65/mm2 . The stomata are oval with an average 
size of 57.6 /1X72.0 p. The number of stomata is 4 .8 /mm 2 ; the stoma i n d e x is 24.67 (Fig. 5a). 
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Fig. 5. Orchis coriophora. a — Detail of the lower leaf epidermis (10 X obj., 10 X oc.); 
6 — Detail of the upper leaf epidermis (lOX obj., 3 . 5X oc.) 
In the upper epidermis the cells are large and very long, their walls are straight or 
slightly curved. The average size is 66.4 , u X 4 1 3 . 5 p. The oval s tomata , which are scattered, 
have an average size of 4 7 . 2 8 pX 7 3 . 4 p. The number of epidermis cells is 10.27/mm2, and the 
number of s tomata 0 . 5 8 / m m 2 . The stoma index is 5 . 3 4 (Fig. 5 6 ) . 
The mesophyllum consists of 5—8 rows of cells rich in chloroplasts. Many of the cells 
contain raphid. 
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Stem. The slightly cuticled cells of the epidermis are quite large with few s t o m a t a 
between them. The chlorenchyma is only 1—2 cell-rows thick, with a considerable a m o u n t 
of intercellular space between the cells. Within the chlorenchyma, towards the centre of the 
stem, a sclerenchyma layer 4—5 cell-rows thick is found, in which there are smaller closed 
collateral vascular bundles. The cells of the parenchymatous stele ground tissue have highly 
lignified walls; the cells of the inner rows are larger t h a n those in the outer rows. The major i ty 
of the collateral vascular bundles are found in this tissue, again arranged in a circle. The 
vascular bundles have a sclerenchyma cap consisting of only a few cells. The parenchyma cells 
of the medulla are large with a great deal of intercellular space between them; in the middle 
of the stem there are breaks in the medulla and large cavities are formed. 
Orchis laxiflora Lam. ssp. palustris (Jacq.) A. et G. 
L e a f . The cells of the lower epidermis are elongated in the direction of the longitudinal 
axis of the leaf; the cell-walls are straight or curved. The average size of the cells is 48.0 / tX 
146.2 /(. The number of epidermis cells is 25.27/mm2 on average. The stomata are roundish 
or slightly oval; their average size is 41.2 /(X 56.2 fi. The number of stomata is 10 .19 /mm 2 
(Fig. 6a). ] 
In the upper epidermis the cells are much larger than in the lower one, and very elon-
gated. Their average size is 63.2 pX 192.0 fi. The cell-walls are straight or curved; there are 
no stomata between the cells. The number of epidermis cells is 17 .60/mm z (Fig. 6b). 
The mesophyl lum is a rather thick layer, consisting of 8—10 cell-rows in the middle 
and 4—6 cell-rows towards the edges of the leaf. The cells are of irregular shape and abound 
in chloroplasts. 
Stem. The epidermis cells are small, slightly cuticled, with a great m a n y stomata between 
them. Below the epidermis (in cross-section) there is a fairly thick (6— 8 cell-rows) chloren-
chyma layer rich in chloroplasts. The cells in this layer are medium large, polygonal or rounded, 
with few intercellular spaces between them. The leaf trace bundles found in this layer are sur-
rounded by a bundle sheath. There is a sclerenchyma cap above the phloem of the bundles . 
Fig. 6a 
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Fig. 6c 
Fig. 6. Orchis laxiflora ssp. palustris, a — Detail of the lower leaf epidermis (10X obj., 3.5 X 
oc.); b — Detail of the upper leaf epidermis (10X obj. , 3.5X ос.); с — Cross-section detail 
of stem (10X obj., 3 .5X oc.). ep = epidermis, chl — chlorenchyma, l n y = leaf trace bundle, 
sei = sclerenchyma ring, ht - phloem, ft — x y l e m 
In the sclerenchyma ring, which consists of 8—9 rows of considerably thickened cells, smaller 
vascular bundles are found with a sclerenchyma cap composed of a f e w cells. The vascular 
bundles which are found in a scattered arrangement towards the interior of the stem are also 
supplied with sclerenchyma caps. The phloem of these vascular bundles is larger than the 
xy lem. The medulla fills up the centre of the stem (Fig . 6c). 
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Orchis militaris L. 
Leaf. The cells of the lower epidermis are of medium size (88.8 f i x 131.8 fi on average), 
somewhat elongated, with slightly curved walls. The number of epidermis cells is 16 .25 /mm'. 
The stomata are round; their average size is 47.8 /IX 48.0 fi. The average number of s tomata 
is 7.07/mm2 . The stoma index is 30.31. 
Fig. 7b 
Fig. 7. Orchis militaris. a — Detail of the upper leaf epidermis ( 1 0 X obj., 3.5 X oc.); 
b — Cross-section detail of s tem (25 X obj., 3 . 5 X oc.) with aj vascular bundle, f t = xy lem, 
ht = phloem 
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In the upper epidermis the cells are only s l ight ly smaller than i n the lower one; their 
average size is 79.8 pX 127.8 fi. The cell-walls are moderately curved. The stomata are v e r y 
few in number, of round shape, w i t h an average size of 58.2 /хX 62.4 /г. The average n u m b e r 
of epidermis cells is 17.51/mm2, and that of the s t o m a t a 1.85/mm2. T h e stoma index is 9 . 55 
(Fig. 7a). 
Towards the middle of the leaf the mesophyl lum generally consists of 8—10 cell-rows; 
there is a great deal of intercellular space between the parenchymatous cells. This paren-
chymatous tissue becomes thinner towards the edges of the leaf. The closed collateral vascular 
bundles are found in this tissue. 
Stem. In cross-section the cos tate stalk shows a n undulating border line. The epidermis 
cells are large; their outer tangential walls have a th ick cuticle with m a n y stomata b e t w e e n 
the cells. The chlorenchyma consists of 3—4 rows of small rounded cells with a lot of inter-
cellular space be tween them. Within this (towards the centre of the s t em) 2—3 rows of scleren-
chyma cells wi th slightly lignified walls are found. Then the stele ground tissue, composed 
of round-walled or polygonal parenchyma cells, fo l lows, after which, towards the interior, 
comes the parenchymatous medulla wi th its larger cells. In cross-section the closed collateral 
vascular bundles in the stele ground tissue are arranged in a single circle. The medulla has 
breaks in it (Fig. 7b). 
At the sites where the vascular bundles of the leaf enter the s t e m (or those of the s t e m 
branch off towards the leaf), at the levels of the nodes , scattered leaf trace bundles appear 
in the chlorenchyma under the epidermis. The sclerenchyma layer is thicker (it may consist 
of up to 4—5 cell-rows), and the vascular bundles show a scattered arrangement. The medul la 
fi l ls up the inside of the stem. 
Orchis pallens L. 
Leaf. W h e n viewed from above the cells of the lower epidermis are longish with curved 
walls. Their average size is 55.1 /гХ 154.6 p. The number of epidermis cells is 26.0/mm2. T h e 
oval stomata have an average size of 47.0 /tX62.4 p. The average n u m b e r of stomata is 9.1/ 
m m 2 , and the s toma index is 2.5. 
The cells of the upper epidermis are shorter, hexagonal and h a v e straight walls. Their 
average size is 120 .0 / tX 166.8//. There are no s tomata . The number of epidermis cells is 
12.7/mm2 . 
Stem. The epidermis cells are thickly cuticled w i t h stomata b e t w e e n them. The chloren-
chyma tissue consists of 3—4 rows of round cells with a great deal of intercellular space between 
them. The sclerenchymatous ring is made up of only t w o rows of cells, t h e walls of which are 
only slightly l ignified. In the parenchymatous ground tissue of the stele the closed collateral 
vascular bundles are arranged in a circle. The vascular bundles have n o sclerenchyma caps. 
The medulla is large, and a great deal of intercellular space is found b e t w e e n its parenchymat-
ous cells. 
Orchis purpurea Huds . 
Leaf. The lower epidermis cells are large and longish. Their average size is 74.4 /<X 
162.0 p. The cell-walls are straight, or at most slightly curved. The number of cells is 16.25/mm 2 . 
The stomata are roundish or somewhat oval with an average size of 57.4 p X 62.2 p. The number 
of stomata is 6 .99 /mm 2 , and the s t o m a index is 30.07. The epidermis is thinly covered w i t h 
unicellular hyaline hairs (Fig. 8a). 
In the upper epidermis the cells are smaller and not as long as those in the lower one . 
Their average size is 89.2 pX 143.2 p. The cell-walls are straight and there are no s tomata . 
The number of epidermis cells is 15.47/mm 2 on average (Fig. 8b). 
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Fig. 8b 
Fig. 8. Orchis purpurea, a — Detail of the upper leaf epidermis ( 2 5 X obj., 3 . 5 X oc.); 
b — Detail of the lower leaf epidermis (25 X obj., 3.5 X oc.) 
The mesophyllum is 6—8 cell-rows thick; there is a great deal of intercellular space 
between its parenchymatous cells. Many of the cells contain raphid. 
Stem. Between the cuticled epidermis cells few stomata are found. The chlorenchymat-
ous tissue consists of 3 cell-rows. The cells are small and polygonal, with a great deal of inter-
cellular space between them. The sclerenchymatous tissue is about 4 cell-rows thick, the cell-
walls are only slightly lignified. The latter is adjoined (towards the centre) by the closed col-
lateral vascular bundles, arranged roughly in a circle. The phloem is well developed; i t h a s 
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no sclerenchyma cap. There are no scattered vascular bundles towards the centre of the stem. 
There are no breaks in the medulla; it consists only of parenchymatous cells separated by the 
intercellular space. 
Plantanthera bifolia (L.) Rchb. 
L e a f . The lower epidermis cells are large and highly elongated with straight or slightly 
curved walls. Their average size is 79.2 pX 214.2 p, so the number of cells per m m 2 is small, 
10.02 on average. The s tomata are oval, or sl ightly oval; their average size is 61.2 pX 76.0 p. 
The average number of s tomata is 2.61/mm2; the stoma index is 20.66 (Fig. 9a). 
Fig. 9b 
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Fig. 9. Piatanthera bifolia. a — Detail of the upper leaf epidermis ( 1 0 X obj., 3 .5X oc. ) ; 
b — Detail of the lower leaf epidermis ( 1 0 x obj., 3 . 5 x ос.); с — Cross-section detail of s t e m 
(25X obj., 3 .5X oc.). sei = sclerenchyma cap, ht = phloem, f t = xylem 
The cells of the upper epidermis are highly elongated, large and straight-walled. The ir 
average size is 74.1 f i x 327.5 p.. The oval stomata are widely scattered and have an average 
size of 53.8 (UX79.0 /л. The stoma index is 0.45. The average of epidermis cells is 9 .26 /mm 2 
and that of the stomata 0.04/mm2 (Fig. 9b). 
The mesophyllum is made up of parenchymatous tissue consisting of 7—10 rows of 
transversally elongated cells, in which there are collateral vascular bundles. There are a f e w 
raphid-containing cells too. 
Stem. This is heavily ribbed. There are a great many stomata between the s l ight ly 
cuticled epidermis cells. The chlorenchyma consists of 6—7 rows of cells which are m o s t l y 
rounded or irregular. Leaf trace bundles are found in this tissue. Towards the centre of the 
stem this is followed by 4 rows of sclerenchymatous cells with somewhat lignified walls, ad-
joined by some of the vascular bundles which show a circular arrangement in cross-section. 
The closed collateral vascular bundles have a very thick sclerenchyma-cap above the ph loem 
connected with the sclerenchymatous layer. The other vascular bundles are scattered in t h e 
stele ground tissue, again with a sclerenchyma cap over the phloem. The xy lem is fairly small , 
while the phloem occupies the larger part of the vascular bundle. There are no breaks in the 
parenchymatous cells of the medulla, and no cavities in the pith (Fig. 9c). 
Cypripedilum calceolus L. 
Stem. This is ribbed. The tangential wall of the epidermis is covered by a thick cut ic le; 
the cells are small. Multicellular hairs cover the epidermis (Fig. 10a). The chlorenchyma is 
5—6 cell-rows thick; the cells are irregular with a greater or lesser amount of intercellular space 
between them. Within this chlorenchyma, roughly in a circle, some of the collateral vascular 
bundles are found, while the other vascular bundles are scattered in the stele ground t i ssue 
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Fig. 10b 
(Fig. 10b). In the vascular bundles the xylem is larger than the phloem. The presence of a cap 
consisting of sclerenchymatous cells with highly lignified walls above the phloem is very 
characteristic (Fig. 10c). In the medulla there are no breaks in the parenchymatous cells. 
Cephalanthera Damasonium (Mill.) Druce 
Stem. The presence of ribs and striae results in an undulating cross-section. The outer 
tangential walls of the epidermis cells are thickly cuticled; the cells are regular squares, or at 
most somewhat rounded-off at the corners. The presence of emergences is typical. The chloren-
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T i g . 10. Cypripedilum calceolus. a — Multicellular hair on the stem (cross-section, 25 X ohj., 
1 0 X oc.); b — Cross-section detail of stem ( 1 0 x obj., 3 .5X oc.). ep = epidermis, chl = 
chlorenchyma, szny = vascular bundle; с — same as b (10X obj., 10X oc.) 
e h y m a is 7—9 cell-rows thick. Its cells are large and irregularly rounded-off, with intercellular 
space between them. The sclerenchymatous layer is made up of 3—4 rows of highly lignified 
cells. The smaller collateral closed vascular bundles are found in this layer, forming a rough 
circle in cross-section. The vascular bundles have a highly lignified sclerenchyma cap above 
the phloem. Towards the centre of the stem, in the stele ground tissue or in the medullar 
Fig. 11. Cephalanthera Damasonium. Cross-section detail of stem (25X obj.,^ 3 .5X oc.). 
c h l = chlorenchyma, sei = sclerenchyma ring, sels = sclerenchyma cap, ht = phloem, 
f t = xylem 
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parenchyma, the larger vascular bundles are found in a scattered arrangement. The phloem 
and xy lem of the bundles are equally well developed. The phloem is covered by a sclerenchyma 
cap. There is a great deal of intercellular space between the cells of the medullar parenchyma, 
b u t there are no breaks in the cells (Fig. 11). 
Cephalanthera longifolia (Huds.) Fritsch 
The cross-section of the stem is very similar to that in C. Damasonium. The epidermis 
cells are small, and their outer tangential walls are covered by a thick cuticle; here and there 
emergences can be observed. The large, irregular cells of the chlorenchyma are arranged in 
7 — 8 rows. Within this, in cross-section, is found the highly lignified sclerenchyma ring which 
is 2 — 3 cell-rows thick but which becomes wider above the vascular bundles. Practically imbed-
ded in this ring are found the smaller vascular bundles, set close to one another. Above the 
phloem of the bundles a sclerenchyma cap develops. The other vascular bundles are larger 
and scattered. Here, too, the well developed sclerenchyma cap above the phloem is apparent. 
The medulla forms a continuous parenchymatous tissue (Fig. 12). 
Cephalanthera rubra (L.) Rich. 
The stem has an undulating cross-section. The epidermis cells are small; their outer 
tangential walls are thickly cuticled, and there are stomata between the cells. On the upper 
part of the stem glandular hairs are found, but there are no emergences. Under the epidermis 
the chlorenchyma is very thick, consisting of 11—12 cell-rows; on the side facing the epidermis 
the cells are larger and irregular, while towards the centre they gradually become smaller 
and rounded-off. The sclerenchymatous rings is about 3 cell-rows thick. The smaller vascular 
bundles are placed quite thickly in it. Within this, the other, larger vascular bundles show 
Fig. 12. Cephalanthera longifolia. Cross-section detail of stem (10X obj., 3.5 X oc.). ep = epi-
dermis, chl = chlorenchyma, scl = sclerenchyma ring, sclc = sclerenchyma cap, ht = phloem,. 
f t = xy lem, b = medusla 
Acta Agronomica Academiae Scientiarum Hungaricae 29, 1980 
VARIA 389 
a scattered arrangement, and are surrounded b y a well deve loped phloem crown and a scleren-
c h y m a cap or sc lerenchyma ring. The parenchymatous cells of the medulla are continuous, 
w i t h o u t any breaks. 
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M E T H O D F O R S T U D Y I N G T H E S T R U C T U R E O F T H E Y I E L D A V E R A G E 
As a simple approach the yield average can be regarded as a complex of meteorological, 
agrotechnical and soil effects . In agricultural research, f a r m product ion and planning i t i s 
v e r y important to k n o w the e x t e n t to which these basic fac tors determine the yield average, 
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and the degree of yield f luctuat ion t h e y are likely to cause. A n assessment of quantitative 
rat ios is obviously required. 
W e have elaborated an analytical mode l by means of which, with certain reservations 
and provided the necessary conditions are fulfil led, an approximate quant i tat ive breakdown 
of a g iven yield average can be carried o u t even if only yield data are available. The basic 
principles of the model, the particulars of the calculation process and the results of the actual 
analyses carried out so far are presented below. 
Since theoretical details of the m e t h o d , including calculations, have already been 
publ ished (ERDŐS 1976) i t is described here in an abbreviated form, but w i t h the addition 
of further development in some details. 
1. The structure of the yield average and the basic environmental factors 
The yield is the f inal result of p lant growth which varies, as the combinat ion of basic 
environmenta l factors changes, within wide limits both in space and time. A distinction is 
made between biological and economic yie lds . By biological yield the total ( l iving or dry) 
mass of the plant is understood. The economic yield is the economically valuable portion 
(e.g. grain, tuber, berry, etc . ) of the total p lant mass, which serves the purpose of production. 
In this paper yield will a lways indicate the economic yield. 
The plant assimilates the environmental conditions. In this process the ecological 
factors cannot replace each other, nor do t h e y exert equivalent effects on the growth and 
d e v e l o p m e n t of the plants (biological laws) . The environmental factors (material and energy) 
have biochemically determined shares in the yield. Consequently, any e lementary mass unit 
of the yield average is the result of the j o i n t complex act ion of all the basic environmental 
factors present. On the other hand, it is also a well-known fac t that the proportions of the 
main components in the fresh crop (carbohydrates , proteins and water) m a y vary between 
rather wide limits and the environmental factors play a decis ive role in this. To break down 
the y ie ld in a biological sense thus i n v o l v e s a procedure quite different from w h a t will be 
discussed here. The breakdown of the y i e ld average in the present use of the term has an 
"ideal ised" rather than a biological meaning . That is, the change (increase or f luctuation) 
in the y ie ld is equivalent to, or closely re lated with changes in certain environmental factors 
and can thus he attributed to the action of the factors concerned. The result of such an idealised 
breakdown might well be a useful s tart ing-point for the solution of many problems. 
T h e meaning of the three complex factors (factor groups) which shape the y ie ld average 
m u s t also be defined. In such a simple breakdown there is no need to examine the inner struc-
ture of the individual factor complexes in detail , to weight the components of the factors, 
to c larify the criteria of interactions or independence, etc. On the other hand, it is useful 
to de f ine the basic factors and separate t h e m from one another, so as to exclude the possibility 
of contradict ions arising later. 
The soil factor is fundamental ly considered as a natural factor, as an indispensable but 
g iven precondition of production which does n o t change with t ime. I t thus invo lves the genetic 
soil t y p e with its major physico-chemical properties: the texture , to a certain extent the 
structure, whether it is deep or shallow layered, degree of leaching, water retent ion capacity, 
cons tant ground-water level , exposure, etc . 
The agrotechnical factor includes, basical ly , everything that can be inf luenced by the 
farmer's act ivi ty: plant species and var ie ty , cultivation method , and above all the nutrient 
level , irrigation, etc. 
The meteorological factor includes the necessary condit ions of plant l ife: heat , light, 
water and air. There are other, secondary meteorological factors which are on ly important 
in special cases, mostly due to their adverse effects (clouds, wind, contaminat ion, etc.). 
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W h e n s t u d y i n g the relation be tween the weather and the plant the ac t ive components 
of the weather m u s t b e considered. This is an agrometeorological concept and m e a n s the value 
(wi th in a certain range of values and only in the p lant or in i ts surroundings) of the meteoro-
logical elements w h i c h are essential to the plant and are known and proved to h a v e a decisive 
in f luence on i ts growth and deve lopment . The term weather effect , on the other hand, means 
the yield response of the plant to the inf luence of the weather. Hereafter, M will t h u s indicate 
the act ive weather components ( temperature , radiat ion, precipitation, etc.) , and q(M) the 
result of weather e f fec t s (yield vo lume) . Natural ly a dist inct ion in the interpretat ion of the 
a c t i v e components and effect of the soil and agrotechnics in an analogous manne r is also 
just i f ied . 
2 . Model for breaking down the yield average 
If the basic factors (meteorological , agrotechnical and soil factors) can be quant i ta t ive ly 
expressed, then the yield can, in principle, be expressed in a correct mathemat i ca l form as 
s o m e sort of f u n c t i o n of the effects of the basic factors. In general 
q = q(M, A, F ) (1) 
where q is the y ie ld , and M, A and F are the weather , agrotechnical and soil factors. The 
ac tua l funct ion of (1) is very diff icult to produce, s ince the basic factors themselves are complex 
(and unknown) funct ions , and a l though we know that the environmental factors do not have 
equal weight in y ie ld formation w e do not k n o w the actual "order of importance" of the 
di f ferent factors. If the latter were known, this alone would provide an a priori solution to 
the problem. 
In the re levant literature a large number of y ie ld funct ions representing partial ap-
proaches to (1) can be found. There are both empirical and theoretical a t t e m p t s (GLENDAY 
1 9 5 5 , K O N S T A N T I N O V 1 9 6 6 , 1 9 7 6 , D M I T R E N K O 1 9 7 3 , S A B A N O V 1 9 7 3 , C S Á K I et al. 1 9 7 2 , M É S Z Á -
ROS—CSERREGI 1972) . The empirical m e t h o d s usual ly involve the solution of s imple regression 
equat ions , while the theoretical mode l s consist of various complicated equat ions or equat ion 
sys tems . They all h a v e the c o m m o n feature of containing parameters that can on ly be deter-
mined from exper imental material which expresses the environmental factors quant i ta t ive ly . 
The m e t h o d described below helps in overcoming the diff iculties out l ined above and 
in breaking down the yield average to i ts basic factors to a good approximation. If the model 
is to be correctly applied the fol lowing condit ions mus t be complied with: 
1. In the case of a constant or steadily increasing level of agrotechnics the yearly f luc-
tuat ions in yield are assumed to be exc lus ive ly due to the seasonal distribution and annual 
f luc tuat ion of the cl imatic factors. 
2. The trend of agrotechnical deve lopment within the t ime series of the yield data 
is assumed to be constant in t ime, and sudden short-term changes are t a k e n as being un-
characteristic. 
3. The " b u m p e r yields" observed in the m o s t favourable years are t a k e n as being an 
approximat ion t o the balanced opt imum. The balanced yield opt imum c o m e s about w h e n 
e a c h basic factor has an opt imum value . 
The b r e a k d o w n model suggested here is bui l t up in the following w a y . Simple y ie ld 
trends are ca lculated on the basis of yield data t ime series which are as long as possible . Methods 
for calculating t rends can be found in the t ex tbooks (e.g. THEISS 1958, E Z E K I E L — F o x 1970). 
A model for trend calculation is shown in Fig. 1. The trend funct ion m a y be any monoton-
ous ly increasing (and best f i t t ing) e lementary funct ion , e.g. linear, power, logari thm func-
t ion, etc. 
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Fig. 1. Trend function for maize yield. Békés county, 1950—1975 
In a linear case the trend function is: 
q(t) = q„ + bt, b > 0. (2) 
According to the usual interpretation of yield trends the q(t) trend function expresses the 
yield-increasing effect of agrotechnical development, assuming average weather conditions 
(by "average" weather conditions those which correspond more or less to the local climate 
are understood); the annual fluctuations of the actual yield q(t) are caused by the annual 
f luctuations in the weather conditions; q 0 is the constant of the trend function, which contains 
the jo int effect of the soil, "average" weather conditions and the initial level of agrotechnics 
(in unknown proportions). 
In the next step the enveloping curves are determined. This can be done in two ways . 
First, the curve of funct ion q(t) is shifted upwards or downwards so as to cover the point 
q m a x ( the highest yield observed) or q m i n (the lowest yield observed). In this way two new 
functions are obtained: q o p t ( t ) and qmil l(t). I t is self-evident that in this case q(t) and q o p t ( t ) 
or qm]n(t) are functions of identical type which differ only in the value of q0 . The other pos-
sibility is to visually choose some prominent q m a x points and to calculate the f i t ted curve, 
qo p t(t), for these independently of q(t). The function qmjn(t) is determined in a similar way. 
In this case q(t) and qo pt(t) or qm j n(t) are not necessarily functions of the same type. In practice 
it is better to determine the enveloping functions in the latter way; the former method is only 
chosen when it is impossible to use the latter. 
Below, general assumptions and considerations are presented point by point, on the 
basis of which, after the above calculations have been completed, the yield, as the resultant 
of the three basic factors, can be broken down in various combinations. 
1. The joint effect of the three basic factors determines, in some way, the whole yield, 
that is, 
In Eq. (3) q, q(M), . . . are absolute yield quantities. If both sides of Eq. (3) are divided 
by q the relative values (proportions) which will be needed later are obtained: 
q = q(M) + q(A) + q(F). (3) 
q ' = 1 = q'(M) + q'(A) + q'(F). ( 4 ) 
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Before plant cultivation was begun (t0 0), under natural conditions, the yield contained no 
agrotechnical effects, but was merely the result of soil and weather effects (as natural resources), 
that is, 
q0o = q(M) + q(F). (5) 
At an initial, low, primitive level of plant growing the yield is 
qk = q(M) + q(Ak) + q(F). (6) 
The obvious conclusions are that if the level of cultivation approximates to the natural condi-
tions, that is qk —• q 0 0 , then q(Ak) —• 0; at a very low level of cultivation q(Ak) may be negli-
gibly small compared to q(M) and q(F). 
It often happens that we cannot or need not separate the effects of three basic factors, 
but only that of one of them, e.g. of the weather. In that case instead of Eq. (3) we can 
write 
q = q(M) + q(A, F) (7) 
where q(A, F) expresses the joint act ion of soil and agrotechnics. Other combinations could 
be set up instead of Eq. (7). 
Some related general conclusions are that if the proportions of t w o factors in the yield 
are determined either separately or together, the effect of the third factor, as the remaining 
member, is automatically given; the joint effect of two factors can always be determined more 
easily and more exact ly than their separate effects, because the error due to interactions is 
eliminated; if on any grounds the effect of one factor is considered maximum, this is necessarily 
done more or less at the expense of another factor (or factors), since Eq. (3) is additive; 
it is also evident that the effects of all the factors cannot be simultaneously considered as 
maximum. 
2. It is assumed that the weather can "contribute" as much to the yield in the most 
favourable year as it is able to "subtract" from the optimum yield in the least favourable 
year. Thus, 
q ( M ) m a x = qopt(ti) — qmin(ti)- (8) 
The function q(M)m a x will hereafter be called the full effect of weather fluctuation. 
The weather contributes to any yield q by the extent to which q(t,) > qmin(ti)> that is, 
q(M) = q(t,) - qm i n(t i) . (9) 
The function q(M) is called the effect of weather fluctuation, or the direct effect of the weather. 
The yield-forming effect of average weather conditions is 
q ( M ) = q ( t ) - q m i n ( t ) . (10) 
Function q(M) is normally interpreted as the average value over several years, in which case 
the average over several years of the actual yield q(t) is nearly equal to q(t) , the trend average. 
A further concept, that of yield deficit due to the weather, is introduced in the follow-
ing interpretation 
H(M) = qopt( t i) - q(tj). (11) 
H(M) represents the missing amount of yield "subtracted" from the optimum yield by the 
weather. 
3. According to the classical interpretation of yield trends the approximate yield-form-
ing effect of agrotechnical development can be expressed from a trend function of sufficient 
(but finite) length. E.g.: 
qi(A) = q ( t j ) - q„. (12) 
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If calculations are made for an "infinite" trend another approximate expression of the effect 
of agrotechnics is obtained: 
q2(A) = q(tj) — q00. (13) 
The maximum effect of agrotechnics is obtained by the following formula: 
q3(A) = q(tj) — q(F), (14) 
in which q(F) is the value substituted from Eq. (25). 
Equations (12), (13) and (14) are various hypothetical est imates of the agrotechnical 
effect. In all three equations q(t,) includes the effect of average weather conditions too. The 
average weather effect can be assumed to be strictly constant in time, which means that 
Eq. (13) expresses the actual agrotechnical effect because qr a also includes the average 
weather effect; in Eq. (12) q 3(A) has a lower value than the actual agrotechnical effect, 
because q„ includes not only the average weather effect but some agrotechnical ef fect too; 
q3(A) is definitely an overestimated value, because q(F) is only a soil effect, that is , it does 
not contain either weather or agrotechnical effects. In practice, Eqs (13) and (14) are im-
possible to calculate, while qj(A) is easily obtained from any fairly long trend function. Diffi-
culties are encountered, however, in applying the above equations for the separation of the 
weather effect, which has to be avoided. If the average weather effect , by contrast to the above 
assumption, is not strictly constant in time, then the interpretation of the above equations 
will also be uncertain. 
For more than one reason it is useful to determine a certain minimum agrotechnical 
effect. Unlike the classical interpretation of yield trends the min imum effect of agrotechnics 
(compared to which the actual value must be higher) can be est imated from the following 
expressions: 
q4(A) = qmin(ti) — qo' (15) 
q 5 ( A ) = qmin(ti) — q o c ( J6) 
q e(A) = qmin(tj) - q(F), (17) 
q?(A) = qmin(ti) - q(F)max, (18) 
in which q(F) is to be substituted from Eq. (25) and q(F)max from Eq. (24). A comparison 
of the above functions shows that 
q6(A) > q7(A) > q3(A) > qJA). 
It is obvious from our interpretation of the model that qmin(tj) does not include weather 
effects. Accordingly, qc(A) is an actual estimate, and q7(A) an approximate actual estimate 
of the agrotechnical effect; q4(A) and q5(A) are underestimated values of the agrotechnical 
effect, since q 0 and q00 include average weather effects. In practice q5(A) and q(cA) are im-
possible to calculate, while the value of q4(A) can be obtained from any yield trend function, 
and that of q7(A) from any sufficiently long yield trend function. In the subsequent analysis 
the agrotechnical effect is always expressed, where possible, by Eq. (18). 
4. The separation of the agrotechnical effect and the soil ef fect is, in fact, one and the 
same problem, if the weather effect has already been separated. As has been seen, the correct 
estimation of the soil effect is a precondition for the assessment of the actual agrotechnical 
effect. 
According to the original definition the soil effect has to be determined as a constant. 
This can be approached in several ways: 
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a) The soil effect is taken to he the constant (q 0 ) from a trend function of def ini te 
length. It is known, however, that 
4o > 4(F), (19) 
because q0 also includes agrotechnical and weather ef fects (in unknown ratios). 
b) An "infinite" trend funct ion is calculated (tending towards the initial stages of 
cultivation), in which case 
To - Too- (20) 
I t is known, however, that the va lue of q0 0 cannot he obtained in practice, and that 
Too > 4(F), (21) 
because q00 also includes weather effects , according to Eq. (5). 
In practical calculations it is particularly obvious that q0 and q 0 0 cannot he realistic 
est imates for the ef fect of the soil factor: if the level of cultivation does n o t rise (or only rises 
negligibly slowly, which was fairly characteristic of earlier periods), t h e n q(t) is constant and 
q 0 = q(t) = q(F) which is impossible; i t may also occur in certain periods that q(t) shows 
a decreasing tendency, in which case q 0 is the highest value of q(t); this would mean tha t 
q(F) > q, which is absurd; in such yie ld data time series the effects of the basic factors (wi th 
the exception of q(M)) are inseparable. 
c) A very long (but practically attainable) trend function is calculated and this is 
assumed to reach some quite low production level, where the ratio of the effects of the basic 
factors can be interpreted according to Eq. (6). A t the initial phase of the trend funct ion 
the effect of weather, q(M), over the average of a f e w (e.g. five) years can be approximately 
separated and described from Eq. (6) as: 
q ( A k , F ) = q k - q ( M ) . (22) 
According to our assumption 
q(Ak) « q(F), (23) 
so i t can be approximately accepted that 
q(Ak , F) ~ q (F) m a x . (24) 
The probable or actual soil effect could be expressed from Eq. (5) b y analysing the data 
of a wild crop, 
4(F) = Too - 4(M). (25) 
This is unfeasible in practice. The minimum effect of the soil cannot he expressed either. 
In the subsequent analyses the e f fect of the soil wil l be expressed wherever possible from 
Eq. (24). 
5. In practice the yield components are separated by the fol lowing method. A certain 
closed period (5—10 years) is marked ont in the uppermost part of the trend function and 
within this period the yield for each year is broken d o w n into its components using the appro-
priate equations. The data are averaged, and the means obtained are substituted into the yield 
equation (Table 1). Depending on the equations chosen, various special forms of t h e yield 
Eq . (3) are obtained. 
The simplest breakdown can be carried out using Eq. (7), where q(M) can he substi-
tu ted from Eq. (9) and q(A, F) is obtained as the remainder. Eq. (7) has the great advantage 
that it can he applied to any phase of the trend funct ion. 
If a low cultivation level is assumed, Eq. (6) can also be so lved, in a way analogous 
to Eq. (7), 
Tk = T(M) + q(A k , F). (26) 
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Table 1 
Yield components in 
Year t q ч 4opt Яш1п q(M) H(M) 
1968 19 33.9 39.5 45.9 30.3 3.6 12.0 
1969 20 45.4 40.9 47.0 31.4 14.0 1.6 
1970 21 32.7 42.3 48.1 32.5 0.2 15.4 
1971 22 45.3 43.7 49.1 33.6 11.7 3.8 
1972 23 47.1 45.1 50.2 34.7 12.4 3.1 
1973 24 50.0 46.5 51.3 35.8 14.4 1.3 
1974 25 52.6 47.9 52 .4 36.9 15.7 —0.3 
1975 26 53.2 49.3 53 .4 38.0 15.2 0 .2 
Mean 45.0 44.4 49.7 34.2 10.9 4.7 
Note: q m i n = q(A, F); q ' (M) m a x = q(M) m a x /q o p t ; q(F) m a x = 5.6 (ma/ha), determined from 
a hundred-year county data series (ERDŐS, 1980). 
The m o s t generally applicable yield equat ion is 
q = q(M) + q,(A) + q (F) m a x , (27) 
which is obtained b y using Eqs (9), (18) and (24). 
Assuming the continuous exis tence of the m o s t favourable weather conditions (when 
q(t|) = q0pt(tj) every year), the equat ion for the o p t i m u m yield is 
q„pt = q(M) m a x + q , (A) + q(F) m a x , (28) 
obtained by us ing Eqs (8), (18) and (24). 
The e f fec t of the factors are mos t often g i v e n as relative va lues . The relative f o r m of 
each yield equat ion can be produced as an analogue of Eq. (4), e. g. f r o m Eqs (27) a n d (28): 
q' = 1 — q'(M) + q;(A) + q ' (F) m a x (29) 
40pt = 1 = q 'Wniax + q7'(A) + q ' (F) m a x . (30) 
4s au example let us write d o w n the solut ions of Eqs (27) a n d (28) (in the abso lute 
and relative forms) on the basis of the data of Table 1: 
using E q . (27): 45.0 = 10.9 + 28.6 + 5.6; 1 = 0.242 + 0 .636 + 0.124 
using Eq. (28): 49.7 = 15.5 + 28.6 + 5.6; 1 = 0.312 + 0 .575 + 0.113. 
I t can be seen t h a t about oue-quarter of the average yield is due t o the effect of weather , 
nearly two-thirds can be attributed to the deve lopment of agrotechnics, while the direct e f fec t 
of the soil is l i t t le more than 10%. In this yield structure the high cu l t ivat ion level and a rela-
t ive ly high reliabil ity of production are already ref lected. The structure of the opt imum yie ld 
is very similar, except that the absolute and re lat ive effects of the weather are necessari ly 
somewhat higher. 
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maize. Békés county 
q(MW q'(M) H'(M) q'fM)^ q'(A.F) q'(A) q'(F)max 
15.6 0.106 0.354 0.340 0.894 0 .729 0.165 
15.6 0.308 0.035 0.332 0.692 0 .568 0.123 
15.6 0.006 0.471 0.324 0.994 0 .823 0.171 
15.5 0.258 0.084 0.316 0.742 0 .618 0.124 
15.5 0.262 0.066 0.309 0.737 0 .618 0.119 
15.7 0.288 0.026 0.306 0.716 0 .604 0.112 
15.4 0.298 0.000 0.294 0.702 0 .595 0.106 
15.4 0.286 0.004 0.288 0.714 0 .609 0.105 
15.5 0.227 0.135 0.314 0.774 0 .646 0.128 
From the data in Table 1 i t is also easy to see t h a t in some years t h e yield components 
m a y f l u c t u a t e a great deal, so reliable general conclusions can only be drawn on the bas i s 
of y ie ld funct ions calculated from average values. 
The results of more detailed y ie ld structure ana lyses will he presented in subsequent 
papers. 
Prepared at the Meteorological Department of the E ö t v ö s Loránd Univers i ty , B u d a p e s t . 
L. E R D Ő S 
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INVESTIGATIONS O N D E V E L O P M E N T OF M E T H O D S OF B R E E D I N G 
V A L U E ESTIMATIONS FOR B E E F CATTLE 
The results summarized in this paper will be presented at the 30th Annual Meeting 
of the Genetics Commission of the European Association for Animal Production to be held 
in Harrogate (United Kingdom) from 22—26th Ju ly 1979. The s tatements made are also likely 
to be of interest to cattle production specialists. The following is a short review of the investiga-
tions and conclusions. 
A ) The applicability of the USA selection index in the Hungarian Fleckvieh breed. T h e 
selection index adopted from the regional beef breeding research programme of the USA 
(DOHY 1977) is as follows: 
yearling weight — 3.2 X birth weight. 
According to the American research report, b y using this index the efficiency of integrated 
beef production can be increased by about 6 — 7 % . Using this s tatement as a starting-point, 
the aim was to discover the e x t e n t to which the yearling body weight could be increased while 
restraining the birth weight, and consequently the calving difficulties. Examinations were 
made on the relationship b e t w e e n the selection index and 
the birth weight, 
the daily weight gain in the test period, and 
the body weight a t the age of 1 year. 
Table 1 
Results of the calculations 
Index number 
mean 291 
standard deviation 50.4 
cv% 17.3 
Birth weight 
mean, kg 39.4 
standard deviation, kg 6.3 
cv% 15.9 
Dai ly weight gain 
mean, g 1076 
standard deviation, g 104 
CV% 9.6 
Yearling body weight 
mean, kg 409 
standard deviation, kg 80.9 
CV% 19.8 
Coefficients for correlation of index number with 
birth weight r = 0.485 
average daily weight gain 
г = 0.752 
yearling body weight r = 0.805 
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Table 2 
Index numbers as influenced by the birth weight and yearling body weight 
Yearling b o d y 
N . weight , kg 
B i r t h 
weigh t , kg 
340 370 400 430 1 460 490 520 
. . . . 
550 
30 244 274 304 334 364 394 424 454 
for produc-




















45 196 226 256 286 316 346 376 406 ing value 
50 180 210 240 270 300 330 360 390 
for culling for producing cows of high breeding value 
Table 3 
Coefficients of rank correlations within the performance test ( P E T ) and the progeny test ( P R T ) results, 
and between performance and progeny test results 
R a n k correlat ions 




n /p rogeny 
g roup rranlc 1 
n/progeny 
group ' r ank 
n 
3 
n /p rogeny 
g roup 
Within performance test 
Weight at 205 days — weight gain - 0 . 7 3 * 9 — 0.90* 5 — - 0 . 3 2 19 — 






Within progeny test 
Birth weight — weight at 205 days 0.08 9 160 0.14 6 60 0.36 27 108 
Birth weight — weight gain 0.75* 9 160 * — — 0.25 17 139 
Between performance test and progeny test 
Weight at 205 days - 0 . 2 2 9 203 1 . 0 0 * * * 6 68 0.18 26 129 
Daily weight gain - 0 . 1 3 9 32 * — — 0.12 15 27 
PET weight at 205 days — PRT birth weight 0.63 9 160 0.14 6 60 0.56** 27 107 
PET weight at 205 days - PRT weight gain 0.22 10 31 * — — - 0 . 1 2 18 24 
PET weight at 365 days — PRT weight gain 0.60 9 32 * — - 0 . 5 9 * 17 25 
+ All breeds: 10 Angus, 3 Red Angus, 3 Simmental, 3 Hereford, 6 Polled Hereford, 1 Shorthorn, 1 Gelbvieh, 1 Pinzgauer, 2 Chianina, 
altogether 30 sires. 
* Level of probability 5%. ** Level of probability 1%. Level of probability 0.1%. 
% Owing to the small population no calculation could be made. 
4 0 0 VARIA 
The calculations were m a d e on research data for 111 Hungarian Fleckvieh young bulls 
fed individually from 90 days of age until the achievement of 550 kg slaughter weight (BÂRCZY  
et al. 1975). The results are summarised in Tables 1 and 2. From the data presented the fol low-
ing conclusions can be drawn: 
— The index is twice as highly correlated with the yearling body weight than with the b irth 
weight, i.e. th is parameter increases the latter to a lesser extent. 
— For a Fleckvieh population, as a "terminal sire l ine" for beef cattle production, the fol low-
ing may be suggested: 
1. Progeny t e s ted bulls with an index number above 390 can be taken into account as sires 
to be mated to elite cows for producing bulls of high breeding value . 
2. Progeny tes ted bulls with an index number above 270 can be taken into account as sires 
to be mated to cows intended for the production of female replacers of high breeding value . 
3. Sire candidates with an index number under 270 should be culled. 
B) Evaluation of performance and progeny testing results. The beef sire population o w n e d 
b y the American Breeders' Service (ANONYMOUS 1977) deserves a t tent ion in respect of b o t h 
semen import and results of general interest. Taking data from this hull population as a basis, 
evaluations have been made to explore the relationships 
— among performance tests results , 
— among progeny tests results, and 
— between performance test and progeny test results , aimed at the modernisation of the 
selection sys tem. 
The results are given in Tables 3 and 4. 
Table 4 
Relationships between performance and progeny test results f o r all breeds 
Sires 
( N u m b e r 
of bul ls) 'rank 
г 
Weaning weight (at 205 
days of age) 2 6 0 . 1 8 0 . 2 4 
Weight gain 1 5 0 . 1 2 0 . 1 5 
I t may be stated that : 
1. Within the performance test the rank correlations between the weaning weights at 205 days 
of age and the daily weight gains in the subsequent experimental period for various breeds 
were different, b u t negative for the whole population involving all breeds. The inconsistent 
results draw attention to the influence of pre-weaning antecedents on the post-weaning 
period of life, and furthermore to the fact that performance testing in beef breeds should 
be carried out when the bulls are as young as possible. 
2. Within the progeny tests an increase in daily we ight gain results in an increase in birth 
weight (and vice versa). 
3. Correlations of the average weaning weight at 205 days between the progeny tests and 
the performance tests showed great differences for the various breeds; however, a s l ight 
positive correlation was found for the average of all breeds. 
4. The statement reported ia point 3 holds in respect of average daily weight gain as well . 
5. The average birth weight in the progeny test was greatly increased b y the weaning w e i g h t 
at 205 days in the performance test . 
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•6. A surprising f ind ing is the definite negat ive correlation be tween the year l ing body w e i g h t 
in the performance t e s t and the average daily w e i g h t ga in in the p r o g e n y test . This m a y 
be attr ibuted to b o t h genet ic regression and dif ferent environmental e f f ec t s . 
These results emphat ica l ly call a t tent ion to the f a c t tha t performance tests can o n l y 
h e regarded as a preselect ion method , and both per formance and p r o g e n y tests should b e 
carried out using m e t h o d s specially s tandardised for t h e purpose and t y p e of utilisation. 
Prepared at the Agricultural College, Kaposvár . 
I . B O D A , J . D O H Y , Â . K O V A C H 
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E F F E C T OF A N T I T R A N S P I R A N T S ON S O I L A N D P L A N T W A T E R STATUS 
I N G R A I N S O R G H U M 
Antitranspirants have received at tent ion in recent years as a means of decreasing w a t e r 
loss from plant s y s t e m s and the изе of these chemicals has been regarded as an a p p r o a c h 
t o the improvement of the water use ef f ic iency b y p l a n t s and the control of internal w a t e r 
deficits. Ant i transpirants increase the internal water s ta tus of the p l a n t s (MILLER 1 9 6 9 , 
DAVENPORT ef al. 1972, PATIL—DE 1976). Increased l ea f water potential causes increased cel l 
e longat ion and plant growth (DAVENPORT—HAGAN 1975) . The favourable effect of a n t i -
transpirants on water use ef f ic iency has been observed either due to reduced water use or 
increased yie lds ( D E 1974., MIZRAHI et al. 1974, ALI—PRASAD 1975). T h i s s tudy was u n d e r -
taken to s t u d y the e f f ec t of antitranspirauts on soil a n d p lant water s t a t u s in grain s o r g h u m . 
Field exper iments were conducted at Tamil N a d u Agricultural Univers i ty , Coimbatore , 
during the summer and monsoon seasons of 1977 under conditions of l imited water s u p p l y 
to s tudy the ef fect of antitranspirants on grain sorghum (CSH 5). The soil of the exper imenta l 
f ields was well-drained sandy clay l o a m with low ava i lab le N (142 kg/ha) , medium ava i lab l e 
P (14.7 kg/ha) and high available К (197 kg/ha). The rainfall received in the summer s e a s o n 
was 253.3 m m in 10 rainy days and during the m o n s o o n season i t was 477.9 mm r e c e i v e d 
in 25 rainy days. The average m a x i m u m and min imum temperatures were 34.51 °C and 22 .49 °G 
during the summer and 31.93 °C and 22.46 DC during the monsoon season. 
Three factors, n a m e l y moisture level , ant i transpirant and time of application of a n t i -
trauspiraut, were s tudied in a split p lot design wi th three replications. T h e treatment d e t a i l s 
are given in Table 1. 
The antitranspirauts were appl ied with a hand-operated киарзаск sprayer f i t t ed w i t h 
a fan- type nozzle. The spray vo lume was 800 1/ha; th is w a s determined b y a calibration trial . 
A surfactant (Teepol B-300) was used a t the rate of 0 . 2 % with atrazine and kaolin. U t m o s t 
care was taken to see that the spray reached both the surfaces of the l eaves . The control p l o t s 
received a water spray wi th surfactant alone to e l iminate the possible variation, if a n y , d u e 
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Table 1 
Treatment details 
(a) Main plots 
(i) Moisture levels — 2 
Mj — 2 irrigations at vegetative (30 — 35 days) and flowering (65—70 days) stages in 
addition to sowing irrigation 
M2 — 4 irrigations at vegetative (30 — 35 days) , boot leaf (55 — 60 days), flowering (65 — 
70 days) and grain development (80 — 85 days) stages, in addition to sowing 
irrigation 
(ii) Time of application of antitranspirants — 3 
Tj — Application at 45 days 
T2 — Application at 60 days 
T3 — Application at both 45 and 60 days 
(b) Sub-plots (Antitranspirants) — 4 
Aj — Control (Water spray) 
A2 — Atrazine as Gessaprim1 at 250 g c.p/ha 
A3 — Kaolin2 6% (W/V) suspension 
A4 - Power oil 3(E-9267) 1% (V/V) emulsion 
Plot size: 
Gross = 6.30 X 1.35 m; Net: 4.95 X 2.55 m 
Spacing = 45 X 15 cm. fertilization = 90, 45 and 45 kg N, P 2 0 5 and K 2 0 / h a 
S u m m e r Monsoon 
Date of sowing: March 3rd 1977 July 25th 1977 
Date of harvest: June 15th 1977 November 5th 1977 
Note: 1. Gessaprim, a commercial product, contains 50% a.i. of atrazine. 
2. Kaolin was supplied as Nekolin lumps b y the Nayveli Lignite Corporation, Neyvel i . 
3. Power oil was supplied by the Krishi Oil Corporation, Bangalore. 
to water in the spray fluid. The soil moisture c o n t e n t was determined gravimetrically from 
samples taken a t depths of 0 to 45 cm. The depth of water required at each irrigation was 
calculated using the formula suggested by DASTANE (1967): 
field capac i ty — actual moisture content 
X bulk density X depth of root zone 
100 
This was multipl ied by the area of the plot to arrive at the volume of water required for each 
plot. The water w a s measured b y regulating the f l o w through a 90° triangular weir. The effect ive 
rainfall was es t imated as suggested by DASTANE (1967). The relative water content of the 
leaves (RWC) w a s measured by the method suggested by WEATHERLEY (1950) and modif ied 
b y B A R R S — W E A T H E R L E Y ( 1 9 6 2 ) . 
The treatments failed to register a significant effect on the crop during the summer 
season owing to the continued and unusual rains received after flowering. Hence, the discussion 
is mainly oriented to the results obtained in the monsoon season. In summer, the rainfall 
received up to 45 days was meagre. Thereafter it w a s more or less uniformly distributed during 
the later stages of crop growth. Hence the available soil moisture was kept well above the 
critical level of 5 0 % and no moisture stress developed. As a result the summer crop behaved 
just like a bulk crop and the treatments had no e f fec t on the crop. 
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Table 2 





Grain yield, kg /ha Water us efficiency 
Monsoon Summer Monsoon Summer Monsoon 
Moisture levels 
Low 311.4 5663 3816 35.74 40.72 
High 389.5 5705 3847 36.59 32.78 
S.E. — 118 178 — — 
C.D. N.S. N.S. N.S. 
— — 
Times of application of antitrans-
pirants 
1. At 45 days 346.3 5720 3921 36.12 37.08 
2. At 60 fays 359.4 5772 3712 35.75 34.85 
3. At both 45 and 60 days 345.7 5620 4010 36.63 37.00 






1. Control 358.4 5575 3502 35.43 33.67 
2. Atrazine 344.9 5868 4164 37.37 38.02 
3. Kaolin 348.3 5723 4128 35.73 37.38 
4. Power oil 350.2 5620 3923 36.49 35.37 
S.E. — 125 274 — — 
C.D. 
- N.S. 561 
— — 
1. Consumptive use of water. The total consumptive use was 400.9 mm in the summer 
season irrespective of the treatments. During the monsoon season (Table 2) the antitranspirant 
treatments, atrazine (344.9 mm), kaolin (348.3 mm) and power oil emulsion (350.2 mm), 
recorded less water use than the control (358.4 mm). Though the reduction in consumptive 
use due to antitranspirants was small, owing to the continued occurrence of rainfall during 
the later stages of vegetation, the reduced évapotranspiration (ET) might have resulted in 
higher soil moisture availability during the most critical stage of the crop (boot leaf stage). 
This consequently prevented the crop from developing drought symptoms at this stage. The 
application of antitranspirants at 45 days was more effective in reducing the consumptive 
use since the application was made at the critical time of water stress. 
2. Evapo-transpiration rate. The effect of antitranspirants on ET at different times 
of application at different moisture levels is presented in Fig. 1. ET was higher during the pre-
flowering stage than in the later stages due to the effect of climatic factors, such as high 
temperature, greater sunlight hours, and consequently higher P E T during this period. Atrazine 
reduced the ET to a greater extent. Being a stomatal inhibitor, atrazine would have caused 
greater reduction in transpiration (SMITH—BUCHHOLTZ 1962). Kaolin would have increased 
the albedo of the foliage and thus decreased the net radiation load on the canopy and leaf 
temperature. This probably reduced the transpiration (GALE—HAGAN 1966, DAVENPORT et 
al. 1969). However, when applied at 60 days, the antitranspirants did not have much effect 
because of the lower net radiation load due to continued rains and overcasting of the sky. 
This probably reduced the transpiration rate and so delayed stress development. Power oil 
also reduced the ET, but to a lesser extent, possibly due to a less than complete formation 
of a physical barrier. 
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Fig. 1. Evapo- t r ansp i r a t i on ra te — monsoon season 




days after sow ing 
Fig. 2a 
In general, it is evident that antitranspirants reduced ET more effectively at lower 
moisture levels when applied at 45 days. The reduction in ET was 12—30% for a period of 
15—20 days after application. 
3. Available soil moisture ( A S M ) . The ASM measured during the summer and monsoon 
seasons is presented in Figs. 2(a) and 2(b). The ASM was low at 30 days ( 27 .5%) in summer and 
thereafter a somewhat higher percentage of ASM was maintained throughout the crop period. 
I t never went below 5 0 % after 30 days. Hybrid sorghum yields were maximum when the crop 
was irrigated at 5 0 % depletion of ASM in the 0 to 30 cm soil layer (PALANIAPPAN et al. 1977).  
Hence the summer crop behaved like a normal irrigated crop. During the monsoon season, 
antitranspirants increased the ASM to a considerable ex tent , especially at the low moisture 
level. At the low moisture level, and when applied at 45 days, atrazine registered a higher 
A S M (21 .5%) when compared to the control (5.2%) at the boot leaf stage. Kaolin and power 
oil recorded 16.5% and 15% ASM respectively. The application of antitranspirants reduced 
the transpiration with the ultimate effect of reducing the ET. The reduction in ET may have 
resulted in higher ASM during the period when the crop was subjected to stress. Increased 
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days after sowing 
M2 level 
60 
days after sowing 
I I I 
100 
Fig. 2b 
Fig. 2. a) Available soil moisture — summer season; b) Available soil moisture (%) 
monsoon season 
Acta Agronomica Academiae Scientiarum Hungaricae 29, 1980 
V A R I A 407 
ASM at this stage caused an immediate recovery of photosynthesis, resulting in increased 
yields. 
4 . R e l a t i v e water content ( R W C ) . The effect of antitranspirants on RWC during the 
monsoon season is presented in Fig. 3. At the initial stages, the R W C of the crop was 94 .2% 
but it start to decline as the stress developed. However, the decline stopped and t h e R W C 
Fig. 3. Relat ive water content of leaves — monsoon season 
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levelled off as i t reached a value of about 90%. The RWC again increased upon rewetting, 
either by irrigation at the high moisture level or by rains in the later stages at the low moisture 
level. The R W C showed a reduction as the ASM start to decline. 
With t h e onset of drought conditions, a progressive and continuous decline in the R W C 
of the plant could be observed, due to continued transpiration or to the lag between absorp-
t ion and transpiration (KRAMER 1969). This led to an internal water deficit, i.e. a loss in 
turgor of the p l a n t s in the control plots. As the decline in RWC continued, the drought resist-
ance mechanism of sorghum m a y have come into operation, which, b y closing the s tomata 
a t a fairly high R W C , reduced the rate of decline of R W C . The application of antitranspirants 
increased the R W C by 2 to 4 % for about 10-—15 days at both the moisture levels. Anti -
transpirants c losed the stomata, decreased the radiation load or blocked the free movement 
of water, depending on the type of antitranspirant used, thereby reducing the transpiration. 
The reduction in transpiration m a y have resulted, on the one hand, in maintaining the R W C 
without further reduction, and on the other, in increasing the ASM due to the reduction in ET. 
Higher R W C h a s been found to be a good indicator of the ability of the crop to absorb and 
translocate nutr ients and water (BASLER et al. 1961). Antitranspirants did not inhibit the root 
uptake of water (GREEN et al. 1970), so the increased ASM may also have contributed to the 
higher RWC. A combination of all these factors m a y have resulted in the increment of R W C 
when the crop w a s treated with antitranspirants. Sorghum normally maintains a fairly high 
R W C and hence the reduction in R W C during the early stage could be considered critical, 
as it went be low 9 2 % (PASTERNAK 1968). Increased R W C is an important factor because 
plant growth depends not only on the accumulation of raw materials v ia photosynthesis and 
mineral uptake b u t also on maintaining a high water potential to enable cell elongation 
(DAVENPORT—HAGAN 1975). The maintenance of higher RWC would produce a large amount 
of dry matter b y controlling the internal water def ic i ts (DOWNEY 1971) in one phase and 
achieving cell e longation in the other (BOYER 1968). In general, the overall effect of anti-
transpirants could be attributed t o decreased ET (Fig . 1), increased ASM (Fig. 2 a, b) and 
R W C (Fig. 3). Al l these favourable ef fects would have increased the availabil i ty of soil moisture, 
mitigated the adverse effect of water stress, controlled the internal water deficit and ult imately 
increased the dry matter production and yields. 
5. Water use efficiency ( W X J E ) . Antitranspirants increased the W U E to a considerable 
extent . Atrazine treated plots had the highest W U E (38.03) followed b y kaolin (37.3) and 
power oil emuls ion (35.37). The control plots recorded the lowest W U E (33.67). The favour-
able effect of the antitranspirants o n W U E was due to both reduced water use and increased 
dry matter product ion. Antitranspirants were found to be more effective at the low moisture 
leve l than at the h igh moisture level . Application at 45 days generally increased the W U E 
since the application was carried o u t at the critical t ime of the vegetat ive phase when stress 
symptoms were beginning to develop. 
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FORUM 
O U R G U E S T IS 
DR. ANDRÁS SOMOS 
V I C E - P R E S I D E N T OF T H E 
H U N G A R I A N ACADEMY OF SCIENCES 
P Á L , GY.: Sir! 
According to the estimates, in 30-—50 years' time the population of the Earth will be 8 thou-
sand million. I f the per capita energy consumption increases by 3 % a year (minimum 
growth), 30—50 years from now the energy requirement will be five times as much as it 
is at present. Yet the scarcity of energy carriers sets limits to the f u l f i l m e n t of the energy 
demand. Do you think that out of season produce should be produced by the consumer 
country in greenhouses or under polythene at the cost of a considerable amount of energy, 
or should they be purchased instead from countries where they grow in the field at the given 
time, taking the costs of transportation into consideration too ? 
SOMOS, A. : It is only possible to give A precise answer to the question if the actual conditions 
are known. In the case of Hungary: the demand for out of season produce can be 
satisfied primarily through production under polythene or in greenhouses and, to 
a certain extent , in the field. The solar and geothermic energy supply in Hungary 
makes it possible to grow early vegetables by util izing these cheaper energy sources. 
Under Hungarian conditions a certain amount of produce may even be exported after 
satisfying the domestic demand; at the same t ime, temporary supplements from 
imports m a y also be necessary, mainly in winter. 
Countries must thus decide for themselves to what extent the demand for out 
of season vegetables can be economically met from domestic production and when 
imports are justified. 
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The decisive elements in the costs of supplying the home market are the expenses 
of building forcing facilities, the price of fuel and the cost of labour, which at present 
consists mostly of manual work. In the case of imported goods the costs of transporting 
and loading make up the bulk of the expenses. 
P Á L , G Y . : I n the opinion of the FAO ( Food and Agriculture Organization of the United Nations) 
in capitalist countries with developed industries two main types of farm will take shape. 
One is the up-to-date large-scale agricultural production enterprise, where the production 
tools and the labour force are optimally exploited, while the other, the small f a r m , serves 
to supplement the incomes of non-agricultural workers. I n your opinion in which type 
of farm will horticultural plants be primarily and decisively grown ? 
SOMOS, A.: Horticultural plant species are grown in Hungary in both types of farm. Vegetables 
for processing are already grown under large-scale conditions. In this category the 
overwhelming majority of work processes can already be mechanized, thus substan-
tial ly reducing the cost of manual labour. 
For the production of out of season vegetables small-scale farm conditions will 
probably be preferable for some t ime, since machines which do not damage the quality 
of the crop are not available for the t ime being, and hand picking is necessary to ensure 
the required marketing quality of the produce. 
• 
P Á L , G Y . : The area of vegetable crops in Hungary decreased from 120 000 ha in 1970 to 
112 000 ha by 1975 and was then expected to further decrease. An attempt was made to 
administratively counterbalance this reduction in the production area and the loss of yield 
involved by laying down for each f a r m the amount and kind of vegetables to be grown. 
Do you think it right to abolish the country's traditional vegetable growing districts by 
exercising pressure on farms to produce vegetables ? 
SOMOS, A. : No, I do not think it right. Vegetable growing should continue to be concentrated 
in the traditional horticultural districts, because production is generally the most 
economical in places where the local natural conditions (climate, soil, water supply) 
best suit the biological demands of the vegetables grown. / 
P Á L , G Y . : I n Hungary traders have to pay 70% of the consumer prices for out of season produce 
to the producers. Traders are only obliged to accept the agreed amount of produce from 
large farms, but from small producers any amount of marketable goods must be accepted, 
because in the case of small-scale producers greater care must be taken to ensure risk-free 
production. When exporting vegetables and f r u i t , on the other hand, the slow rate at which 
the producers change over to new varieties represents a permanent problem. I n your opinion, 
does risk-free production slow down or accelerate the changeover to new varieties, or does 
it not a f f e c t it at all ? 
SOMOS, A . : In judging the effects of a change in variety a distinction must be made according 
to whether we are considering fruit, v ine or vegetable growing. In fruit and vine grow-
ing it undoubtedly slows down the process and lessens the producers* willingness to 
make a change of variety, since it takes several years for new varieties to start bearing. 
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The situation is different in the case of vegetables, where a change in variety 
can be carried out within a year. This is w h y the changeover to new varieties is con-
siderably faster in vegetable production than in fruit and vine growing. No time is lost 
due to the changeover, perhaps occasioning re-plantation. N o replanting and regraft-
ing costs arise either. From the producer's point of view the endeavour to changed 
varieties has a favourable effect on the reliability of production. The higher yie lding 
ability and better quality of the new varieties lead to better marketability and higher 
income. 
* 
P Á L , G Y . : The number of days spent by visitors in hotels and rooms for paying guests in Somogy, 
Veszprém and Zala, the three counties surrounding Lake Balaton, was 700,000 in J u l y 
1965, and more than 2 million in July 1975. I n these three counties the total horticultural 
area was 8.9, 6.4 and 3.4 thousand ha respectively in 1965, and 8.4, 6.4 and 4.2 thousand 
ha in 1975, while the orchard area was 6.4, 5.5 and 13.9 thousand ha in 1965 and 6.8, 
5.7 and 13.0 thousand ha in 1975. During these ten years tourism grew threefold while 
the area of gardens and orchards was reduced or at best did not change. In your opinion 
which are likely to become the vegetable and f r u i t growing regions supplying Lake Balaton ? 
SOMOS, A. : In supplying the area around Lake Balaton with horticultural produce the southern 
shore will continue to play a decisive role, due to its more favourable natural condi-
tions, which have led to horticultural production developing there on a larger scale. 
The biggest centre of horticultural production is the Siófok district. Owing to i ts loca-
tion Balatonaliga may also play an important part in supplying the southern and 
northern shores in the years to come. The Keszthely district is in a similar posit ion; 
horticultural produce can again be delivered from there to both sides of Lake Balaton 
over relatively short transportation distances. The role of Balatonfüred on the northern 
shore is similar to that played by Siófok on the southern side. As for vine growing, 
Badacsony and its environs cannot he left out of consideration. 
* 
P Á L , G Y . : The production costs of apple growing in 1975 amounted to 17.70 Ft for the equivalent 
of 1 rouble, and 13.43 Ft in the dollar area. The exchange earnings index expressing the 
forint value of domestic investment per unit currency in the same year was 39.82 in the 
rouble area and 43.79 in the dollar area in the case of fresh vegetables and f r u i t . I n your 
opinion, with the present demand for horticultural produce and the favourable exchange 
earnings index, is the fact that Hungarian apples can only be sold well in the case 
of a poor apple yield in the Western-European countries due to favouritism, discrimination 
or the low quality of the produce ? 
SOMOS, A.: The competitiveness of apple growing in Hungary is influenced by each of the 
factors listed (favouritism, discrimination and poorer quality). This applies particularly 
to winter apples. Summer varieties are not available in sufficient quantities; there are 
years when even the local demand cannot be fully satisfied. 
• 
P Á L , G Y . : I n Hungary it frequently happens in industry that an industrial plant or enterprise 
commissions a research institute to solve a problem it is interested in, and the research 
institute then delivers the results of its research to the consigner. Some think that this method 
is much more expensive than buying a licence or know-how, while according to others it is 
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cheaper because it does not involve the payment of currency. What is the reason, in your 
opinion, f o r the fact that a similar system of commissioned research has not developed 
in agriculture ? 
SOMOS, A.: The main reason is tha t agricultural research works with living materials (plant 
varieties and animal breeds), and the differences in ecological conditions do not allow 
the adopt ing of research results without local comparative trials. The local adaptation 
of procedures purchased in the form of l icences or know-how often takes up as much 
time as would be required for solving the problem on the spot. This is particularly 
true in t h e case of introducing new varieties. 
* 
P Á L , G y . : It was earlier held that every nation lived f r o m its past, from the works of the great men 
of the country, and that any nation which forgot its departed leaders was itself on the way 
to oblivion. Today the explosion of information caused by the mass of new scientific results 
is slowly becoming an obstacle to progress. I n the present information explosion, when 
it is d i f f i c u l t to keep pace with the recent results in even a small field of science, how is it 
possible, in your opinion, to take the scientific achievements and prominent personalities 
of the past into consideration as well ? 
SOMOS, A.: Well-grounded scientific research cannot be carried out without a knowledge of 
the historical traditions. So i t is necessary to "fight on two fronts" even during the 
"information explosion", which in our case means that an objective evaluation of 
the traditions of the past offers the surest basis for solving new research tasks success-
fully. W i t h o u t knowing the achievements of the past, research may easily come to 
an impasse, which can, however, he avoided b y a thorough study of the precedents. 
* 
P Á L , G Y . : The mean producer's price on the market f o r kohlrabi was 3.10, 4.60, 6.10, 9.10 and 
8.30 Ft/kg in 1965, 1970, 1975, 1976 and 1977, respectively, while that for potato w a s 
3.10, 3.35, 4.50, 6.70 and 6.20 Ft/kg in the same years. The steadily rising tendency of 
the mean producer's market prices has led to the producers becoming quantitatively orient-
ated. The per ha yield of kohlrabis weighing 1 kg each is very high and the quality too is 
excellent, but what is the housewife supposed to do with such a large kohlrabi ? 
SOMOS, A.: Kohlrabis weighing 1 kg are fairly rare in practice. Most of the varieties grown 
do not reach that size. Real ly large types are generally found among varieties grown 
for winter consumption. These varieties can be stored for months without any diff iculty, 
and the housewife can use the necessary amount any time by cutt ing up a large kohlrabi. 
Even retailers often sell i t in pieces, together with parsnip, carrot and celeriac, for 
making soup. 
P Á L , G Y . : At present, according to the botanical records, there are 600,000 plant species on the 
Earth, 250,000 of which are flowering plants, while the others are known as lower plants. 
A full mapping of the flora of the Earth is now being carried out; during the last twenty-
five years 6,000 new plant species have been discovered in Africa alone, and even in Central 
Europe there are recently described plant species. Most of the still unknown plant species 
are almost certainly to be found in the tropics. Do you, as an expert in vegetable cultivation, 
think it likely that any plant not used at present for human consumption might in the 
future be utilized as a source of food or raw material in Hungary ? 
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SOMOS, A . : Yes , I do. I t can be stated w i thout any particular deliberation that the present 
range of vegetables could be widened by new vegetable species which are hardly if 
ever consumed in H u n g a r y so far. These include, for example , the eggplant, Chinese 
cabbage, chicory, mangold , and various edible mushrooms, such as Pleurotus ostreatus 
( f l o r i d a ) , Stropharia rugoso-annulata, Coprinus comatus, e t c . 
P Á L , G Y . : Thank you f o r the information. 
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CHRONICA 
50TH A N N I V E R S A R Y OF T H E GARST AND THOMAS H Y B R I D CORN C O M P A N Y 
In spring 1979, Roswell Garst ( 1 8 9 8 - 1 9 7 7 ) , founder of the Garst and Thomas Hybrid 
•Corn Company, which celebrates its 50th birthday this year, was voted into the Businessman's 
Hal l of Fame by the editors of Fortune Magazine. No worthier person could have been chosen 
than the humanitarian Roswell Garst, pioneer and innovator of agriculture, to occupy the 
4 6 t h place in a line which includes such notabilities as George Washington, Benjamin Franklin, 
T h o m a s Edison, Henry Ford, Walt Disney and others. 
" . . . history will someday record that Roswell Garst influenced agricultural people 
as much as anybody", writes agricultural historian Hiram Drache in his book "Beyond the 
Furrow". 
In many countries of Central and Eastern Europe, including Hungary, the name Garst 
is synonymous with the development of food production. 
Searching back through 25 years of Garst memories and a fairly extensive archive 
collection, I came across the February 1976 copy of the Farm Journal, which was devoted 
to the American Bicentennial and which contained some characteristic statements by Bob* 
Garst. These were made to editor Lane Palmer in a telephone conversation he had with Bob 
during the compilation of the celebration issue. Palmer quotes Garst as follows: 
"Certainly the American farmer is a hybrid. The crossing of all those different national-
i t ies has made North American farmers — Canadian as well as U.S. — more progressive. 
I think our people are an excellent example of hybridization. 
"I guess you could consider me a hybrid. My mother migrated from England as a girl. 
The people on my father's side came from Alsace-Lorraine. The original spelling of our name 
w a s Gerst. 
"I would not credit all of our agricultural achievements to the hybridization of our 
people any more than I would credit our 300-bushel yields just to the use of corn hybrids. 
Many other factors entered in, such as the richness of our soil and our rainfall pattern. But 
hybrids make the mos t of it." 
1. How it all began 
My own initiation into American agriculture began on Apple Farm in Coon Rapids. 
Th i s was the Iowa settlement where Bob's father, Edward Garst, sett led in 1869, just after 
graduating from the University of Michigan, and 12 years before the railway reached Coon 
Rapids in its progress towards the West . Edward was a good trader and in time he became 
rich and bought a great deal of land at cheap prices. At first the Garst family rented Apple 
Farm, which got its name because Bob's uncle, Warren, who was governor of Iowa for several 
years at the beginning of the century, planted an apple orchard around the farmhouse. 
It was on this 200-acre farm that Bob and his brother Jonathan settled and started 
farming in 1915. As Jonathan writes, at that time Thomas Jefferson would have felt very 
much at home on Apple Farm: although the land was naturally richer than the rolling hills 
of Virginia, they grew the same crops apart from tobacco, namely maize, oats, clover and 
a little wheat. The maize was still picked by hand and it sometimes took from October till 
the middle of winter before all the maize got from the fields to the barns, and although farm 
implements had developed during the 90 years since Jefferson's death, they were still drawn 
b y horses. The Garst brothers had 8 draught horses and raised a foal or two. They kept 20 — 
* Roswell Garst was usually known by his nickname Bob. 
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30 cows and fattened a wagonload or so of steers. Apart from this, they had about a dozen 
sows and fattened the litters. 
But Bob and Jonathan soon went their separate ways. Jonathan was a soldier in World 
War I, then farmed in Canada, while Bob became a university student from a u t u m n 1919. 
For three years he studied everything from smithing to philosophy at Iowa State College, 
Wisconsin University and Northwestern University, which is w h y he used to say "I am not 
highly educated but broadly educated". Bob Garst returned to Apple Farm in 1922 to con-
tinue farming and married Elizabeth Henak, to whom he attributes much of bis success. 
For four of the remaining 55 years of Bob Garst's life he and Elizabeth did not live 
on Apple Farm: in 1926, to see how town life suited them, they rented out the farm and moved 
to the Iowa state capital Des Moines, 120 km from Coon Rapids, where Bob worked in the 
real estate business. Here they were destined to meet the Wallaces. Henry Wallace, 
who was later to become Franklin Boosevelt's Secretary of Agriculture and then his vice-
president, had been experimenting with the hybridisation of maize inbred lines since 1913, 
and also edited a farm magazine which was founded by his grandfather in the eighties and 
continued by his father. Henry Wallace and Bob Garst both had an unflagging interest in 
farming, so they soon became close friends, and this brought a turning point in the Garst's 
lives. 
In 1926 Henry Wallace set up the Hi-Bred Corn Company (now the Pioneer Hi-Bred 
Corn Company), and in 1927 Bob Garst bought his first bushel of hybrid maize seed. In 1928 
and 1929 he doubled the quantity each year, because the hybrid gave much higher yields 
than the open pollinated maize previously grown on Apple Farm. 
Meanwhile, in autumn 1929, the economic crisis erupted. All the signs indicated that 
the crisis would be long and severe, as did an editorial in Henry Wallace's journal in early 
1930, so Bob and Elizabeth Garst decided that if the depression was likely to last for years 
they would be better off as peasants on the farm than with no income in the town. B u t before 
they moved back to Apple Farm in spring 1930, Bob Garst suggested to Henry Wallace that 
if the Hi-Bred Corn Company provided him with foundation stock he would produce hybrid 
maize seed and would pay royalties for producing and selling it. Apart from a reasonable 
profit this would also cover research costs. They agreed to the conditions of their cooperation 
but never signed a written contract: not only during Bob Garst's lifetime but right up to 
the present day, the Garsts have received their foundation stock and settled with the seed 
company founded by Henry Wallace on the basis of this verbal agreement. 
2. Missionary for hybrid maize 
Bob and Elizabeth Garst returned to Coon Rapids and produced their first hybrid 
maize seed in 1930. The sowing area for the hybridisation was only 10 acres, giving a yield 
of 300 bushels of hybrid seed, which was one tenth of the total hybrid maize seed produced 
in the U S A that year. But even so, it was no easy matter to sell the seed, as the farmers, who 
had been hit by the depression, knew nothing about the advantages of hybrid maize. So it 
is no wonder that Bob was obliged to spend the winter of 1930 — 31 driving from farm t o farm 
with a carload of hybrid seed, trying to sell his 300 bushels to the farmers a bushel or two 
at a t ime. It was a job which required the zeal of a missionary. The genius of Bob Garst lay 
in grasping the fact that the marketing of a completely new product would be most successful 
on a farmer-to-farmer basis, rather than through peddlars "with a little knowledge of many 
things, but no real understanding of anything". 
That same winter of 1930 — 31, Bob and Elizabeth Garst asked Charlie and Bertha 
Thomas, who were also born in Coon Rapids and were farming there, to join them in producing 
hybrid maize seed in cooperation with the Hi-Bred Corn Company. This was the beginning, 
just 50 years ago, of the Garst and Thomas Hybrid Corn Company. From then on Charlie 
Thomas was responsible for producing the hybrid seed, and Bob Garst for selling it . 
Bob came up with an almost inexhaustible stream of ideas for popularising the st iff ly 
priced hybrid maize seed. For years after the founding of the Garst and Thomas Hybrid Corn 
Company about a tenth of the hybrid seed produced was packed each year into 8-pound bags. 
These bags were then distributed free to the best of the farmers who had refused up t o then 
to "waste" their money on hybrid seed. In return, all they asked these farmers to do was 
to put their own seed into one box of the 2-row seeders then in use, and the hybrid seed in 
the other. This meant that every second pair of rows in the maize field consisted of high-
yielding hybrid plants carefully selected for standability, from which it was not only easy 
to pick the ears, but which also gave a perceptibly higher yield than the farmer's own maize. 
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Fig. 1. Elizabeth and B o b Garst at the entrance to the Garst Earm 
Bob usually sold his seed for cash, but he w a s not inflexible in this respect either. 
In his first year as US secretary of agriculture, Henry Wallace l e t Boh Garst have 
1000 bushels of 2-year-old hybrid maize seed. Garst distributed the seed among the enter-
prising farmers, w i th the stipulation that they should pay him half t h e market price of the 
surplus yield compared to their o w n varieties. In the majority of cases Bob ' s share of the deal 
was so much that he confesses to having had rather a guilty conscience at pocketing the 
proceeds. 
Throughout the thirties B o b Garst spent the best part of his t i m e driving over farm 
tracks, only some of which were properly surfaced, to reach the farmers and try to ensure 
that all the maize fields were p lanted with hybrid seed. His argument was as simple as the 
factually-based calculation involved. Using the standard cultural practices of the thirt ies 
the farmer could achieve a yield surplus of at least 10 bushels/acre if he were prepared to pay 
the money equivalent of 2 bushels of his own maize extra for the hybr id maize required to 
sow each acre of laud. 
But all the efforts of this brill iant salesman would almost certainly have been in vain , 
were it not for the fact that the Garst and Thomas Hybrid Corn Company aimed at perfect ion 
right from the start in producing seed and processing it for planting. Garst never c laimed 
his product was perfect, but the company did everything in its power to achieve perfec-
tion. This endeavour is well i l lustrated by their twice rebuilding the hybrid maize seed 
plant during the economically anyth ing but easy thirties. The first seed processing plant , 
built in 1930, was rebuilt in 1934. Then, after another four years, in 1938, they inaugurated 
a new plant, which was the biggest and most modern in the world, three times the size of the 
next biggest seed plant in America. 
Prior to 1937 the Garst and Thomas Hybrid Corn Company only marketed hybrid 
maize seed in South West Iowa, but from 1937 onwards they e x t e n d e d operations to the 
states of Nebraska, Missouri, Kansas, Oklahoma and Colorado, where the farmers were almost 
total ly unfamiliar wi th hybrid seed. So here in the South Western Corn Belt, Garst p layed 
a pioneer role in popularising hybr id maize seed. 
This process, which started s lowly at the beginning of the thirties, gathered m o m e n t u m 
towards the end of the decade. In 1930 only a fract ion, 0.02%, of the maize seed sown in 
the USA was of hybrid origin, and this ratio was still only 10% in 1936, but from t h e n on 
only a brief decade was required for it to reach 8 0 % by the mid-forties. 
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The spread of hybrid maize and of mechanical pickers h a d a mutually st imulating 
effect. The pickers could only work efficiently in strong-stalked, s tanding maize f ields; the use 
of the picker, on the other hand , raised the maize-producing potent ia l of the farms, as they 
were no longer restricted by the 100 bushels/day capacity of the manual pickers. Thus it is 
hardly surprising that the f i f t een years from 1930 to 1945 saw t h e triumph in the U S A not 
only of hybrid maize seed but also of the mechanical picker, b o t h of which gained ground 
from virtual non-existence to a lmost universal application. 
3. Hybrid maize + N-fertiliser ^ high yield 
As in the case of hybrid maize, the Garst company endeavoured to demonstrate the 
usefulness of other developed cultural practices too . Every step o n the road to development , 
as Bob Garst claims, made the farmers more susceptible to new ideas. From the end of the 
second world war, Bob, the missionary of hybrid seed, became the apostle of chemicals, 
principally of nitrogen fertiliser. H e was supported in this by a t e a m of hundreds of salesmen 
recruited from among the best farmers. From the second half of the thirties, at the instigation 
of Bob's scientist brother, Jonathan Garst, who worked for a number of years at the US 
Department of Agriculture, fertiliser treatments were included in t h e excellent demonstrations 
of hybrid maize set up on various farms. The conclusion to be drawn from this became more 
and more obvious to Bob Garst, his enthusiastic farmer salesmen and, through them, to the 
farmers of the South-Western Corn Belt and beyond: there is no use in developing high-
yielding plants if the nutrients required for the expression of the y ie ld potential are not pro-
vided, nor is there any use in providing crops w i t h abundant nutrients if the plant lacks 
the genetic potential to utilise the nutrients. The emergence of fertilisation as the m o s t effi-
cient yield-increasing technique in American farming circles, was facil itated by the fac t that 
from the end of the forties the American explosives factories went over to fertiliser produc-
tion, so there w a s no shortage of cheap nitrogen fertiliser. 
As intensive fertilisation gained ground, more and more farmers planted maize in their 
best fields year after year without rotation. This in turn necessitated effective soil insecticides, 
while efficient herbicides were required to overcome the weed growth stimulated b y fertil-
isation. 
The cooperation, based on free enterprise, between the farmer and various specialists, 
professions and industries, turned American agriculture into a horn of plenty. With a certain 
Fig. 2. Bob Garst — pioneer and innovator of agriculture 
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Table 1 
Five-year averages of maize yield and nitrogen fertiliser applied in the USA 
(compiled by Roswell Garst using USDA data) 
Year 
Sowing area of 
ma ize harves ted 
as g ra in in 
1000 acres 
N act ive agen t 
applied in 




T o t a l grain 
yield in 
1000 bushels 
1 9 3 0 - 3 4 103 404 281.6 21.9 2 023 906 
1 9 3 5 - 3 9 92 899 371.2 25.0 2 050 232 
1 9 4 0 - 4 4 90 083 466.5 31.9 2 604 631 
1 9 4 5 - 4 9 85 696 778.3 35.6 2 771 638 
1 9 5 0 - 5 4 78 586 1 429.8 38.5 2 787 849 
1 9 5 5 - 5 9 66 409 2 197.0 48.7 3 234 891 
1 9 6 0 - 6 4 59 876 4 031.7 62.5 3 722 910 
1 9 6 5 - 6 9 56 728 5 948.3 78.5 4 453 489 
1 9 7 0 - 7 4 61 215 8 205.5 84.0 5 135 361 
1 9 7 5 - 7 9 70 088 10 054.4 94.9 6 657 795 
It is noteworthy that while the sowing area has decreased by a good 30% the total 
yield has increased three and a half times. 
degree of simplification, the specialists, professions and industries serving the farmer can 
be classed in three categories: the geneticist, who breeds new plants and animals, the chemist, 
who produces new chemicals, and the engineer, who rationalises and mechanises farm work. 
American agriculture, the result of this cooperation, is described b y Fortune Magazine, in an 
article celebrating the election of Bob Garst to the Businessman's Hall of Fame in 1979, 
as the greatest triumph of American technology, an achievement even greater than putting 
a man on the Moon. This triumph is well illustrated by the 5-year averages for maize yields 
and the amount of fertiliser utilised in the USA during the five decades since 1930 (Table 1). 
With the exception of the figures for the last 5 years, the table was compiled by Bob Garst 
using data from USDA, and in one of his last letters to me on February 10th 1977, he made 
the following comments: 
"It is my best judgement that the bulk of the increase in the yield of corn between 
1930 and 1954 was due to hybridization of corn — and of using only the best land for corn 
as the acreage went down due to better yields. And some improvements in machinery. 
"But the great increase since 1955 bas been due to fertiliser, insecticides and herbi-
cides — which lets farmers concentrate the corn on their best acres — and irrigation where 
vater is available — and better drainage where drainage is needed." 
4 f a i l c n ide as a piciéin feed for i tminai i ts 
During the last third of his life Bob Garst was mainly occupied in developing maize 
Waste (cobs and stalks) enriched with carbamide, mineral salts and vitamins, as a fodder for 
ruminants, and in popularising this technique. 
In the thirties the utilisation of the maize cobs which were the waste product of the 
first hybrid maize seed processing plant, which took up the two central blocks of Coon Rapids, 
beside the railway track, presented no problem to the Garst company. Every family used coal 
for heating and cooking, and as coal cannot be ignited with a match, kindling was needed, 
e.g. dry maize cobs. However . . . by 1946 every household had an oil-stove or oil-fired boiler 
and cooked over natural gas, and they used no coal whatsoever. 
"So we were desperate !" as Bob used to say when he told this story. They could not 
set fire to the enormous mountain of cobs towering above the processing plant for fear of 
causing everyone in the town to die of suffocation. At this point, in summer 1946, a gentle-
man turned up at Garst's office and offered to buy the mountain of cobs. When asked what 
he wanted them for, the gentleman replied that he intended to transport the cobs to California 
and sell them ground as cattle feed. 
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Up till t h e n Bob had been taught that maize cobs had no feeding value, so he asked 
the man whether the law in California permitted maize cobs to be sold as cattle feed. The 
reply was that the Californian Secretary for Agriculture accepted the Ohio State Univers i ty 
bulletin, which attributed feeding va lue to cobs when fed to cattle. 
Bob Garst, who had not previously heard of the publication, wrote to Ohio State 
University, and received Paul Gerlaugh's bulletin in reply. In this he read that when fed up 
to one third of the feed, and when properly complemented with ground maize and protein, 
cobs were two thirds as valuable as shelled maize. 
In a letter to Gerlaugh Bob explained that he had many tons of cobs at his disposal 
and that if he wanted to use them as one third of the cattle feed he would have to buy twice 
the amount of grain maize. So if properly complemented cobs had t w o thirds the value of 
shelled maize w h e n fed up to one third of the feed, he asked Gerlaugh what value they had 
as three thirds of the feed. The reply was very brief: "I don't know !" 
Then the Garst Company approached Iowa State University and offered to sponsor 
research aimed at answering the question, but the people there said t h e y already knew that 
cobs had no feed value. So the Garsts went home and started experimenting themselves. 
A bulletin published by Wisconsin University, in which Gus Bohstedt , who was in 
Jonathan Garst's year at university, reported on his research on carbamide as a cattle feed 
to replace plant protein, proved very useful in the experiments started on the Garst Farm 
in 1946 on the use of cobs as cattle feed. According to this bulletin, carbamide could be used 
"without any danger" as up to one third of the protein feed for cattle. Consequently, in the 
first cob-feeding experiments on the Garst Farm carbamide made up one third of the protein 
feed, while two thirds of the protein was supplied as soya meal. After a f ew years of experi-
mentation, however , Bob realised tha t if carbamide was mixed with rapidly acting carbo-
hydrate, e.g. molasses, it was capable of satisfying the full protein needs of the cattle, and 
if fed in combination with ground maize cobs, enriched with a minimal amount of alfalfa hay 
or artificial v i tamin A and the necessary mineral salts, i t could be used for feeding beef catt le . 
Encouraged by the results, a highly successful demonstration w a s organised on the 
Garst Farm in August 1948 and this was used as an argument to persuade fodder specialists 
from Iowa State University to review and repeat the experiments. Iowa State Universi ty 
employed Wise Burroughs of Ohio State University to conduct the control experiments. 
In Bob Garst's opinion, Burroughs is one of the best cattle feed experts in the world. The 
control experiments carried out at the university in the winter of 1948—49 confirmed the 
conclusions drawn by Garst and company, which had been much debated in scientific circles. 
After 20 years of experimentation Bob established the fact tha t maize waste (stalks 
and cobs) contained one third of the feed value of the maize yield, i.e. of the whole plant, and 
that , properly complemented with a little grain maize, and with carbamide, mineral salts 
and vitamin A, i t was an excellent, cheap cattle feed. 
Nowadays, as a protein substitute, carbamide and other non-protein nitrogen sources 
make up more than 10% of the total protein fed to livestock in the U S A . Carbamide prob-
a b l y represents over half of all the protein supplements fed to cattle. 
As a prophet of new ideas and techniques a imed at increasing farm efficiency, B o b 
Garst devoted his whole life to the suppression of famine and poverty. He was a pioneer 
in popularising the most highly developed American agricultural technology even beyond 
the borders of the USA, in Central and South America and in Central and Eastern Europe. 
When Nikita Khrushchov travelled to the USA, he insisted on visiting the Garst farm. 
5. Garst's ideas in Hangar} 
I became acquainted with B o b Garst on his f irst trip to Central and Eastern Europe 
in early autumn 1955. He visited Hungary at the invitat ion of the Minister of Agriculture, 
Ferenc Erdei, and spent a whole day at the Martonvásár institute and farm. 
At the t ime of Bob's visit to Martonvásár I had just been appointed director of the 
institute. It was a period of flux, searching for a profile. The social storms resulted in continual 
change, which is not always a useful component of scientific life. The changes claimed vict ims, 
and until the mid-fift ies the profile and even the name of the institute was sacrificed several 
t imes within the first five years of i ts existence: the institute resembled nothing so much 
as an Eastern bazaar, dealing in virtually everything. In order to increase the research eff i -
ciency through specialisation and a concentration of forces, and to find a solution which would 
stand the test of t ime, my patron, Ferenc Erdei, tried to persuade me to work on maize re-
search, but I had other ideas: theoretical genetics and wheat breeding were the height of m y 
-dreams. I tried to explain that in the person of the world-ranking breeder, Endre Pap, Marton-
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vásár maize research was in the best possible hands, but that as director I would do every-
thing in my power to see that Endre Pap's excellent hybrid maize received the greatest pos-
sible publicity. 
So the visit to Martonvásár of Bob Garst, the prophet of hybrid maize, could not have 
come at a better t ime, nor could m y pilgrimage (in the true sense of the word) not long after-
wards to Iowa, the Mecca of hybrid maize. This took place in December 1955 and January 
1956, when Bob Garst invited a 3-man Hungarian agricultural delegation to make a return 
visit . It is no exaggeration to say that the discussions held under Bob Garst's leadership on the 
Garst Farm and on at least a dozen other Iowa farms, at the seed processing plant of the 
Garst and Thomas Hybrid Corn Company, with J im Wallace at the Pioneer Hi-Bred Corn 
Company headquarters, with Bill Brown at the Pioneer research laboratories and with Profes-
sor Sprague at Iowa State University, together with the debates in the family circle, stretch-
ing into the night, on what we had seen and heard, had a decisive influence on my career. 
This combination of research and breeding with seed propagation, processing and 
marketing, a solution perfect in its w a y for shortening the time required for achieving scientific 
discoveries and putt ing them into practice, and which had proved so very efficient at the 
Garst and Thomas Hybrid Corn Company and the Pioneer Hi-Bred Corn Company, seemed 
an ideal solution for adaptation at Martonvásár. As a result of the seed supply system elabo-
rated on the basis of the American experiences for application in Hungary, hybrid maize 
spread more rapidly in Hungary than in any other country of the globe. 
The success of hybrid maize in Hungary, as in America, made Hungarian farmers more 
open to new scientific advances such as the utilisation of modern fertilisation, plant protection 
and other cultural practices. And this was not restricted to maize, hut spread to Hungarian 
agriculture's other main crop, wheat , as well. Following the American example, the tripling 
of the Hungarian maize and wheat yield averages over the past quarter of a century was 
based chiefly on high yielding varieties and the nutrients necessary to ensure the full expres-
sion of this yield potential. 
We were less fortunate, however, with the introduction into Hungary of maize waste 
complemented with a urea-molasses mixture as ruminant feed than we were with that of 
hybrid maize and up-to-date fertilisation. Nevertheless, after a good two decades, the fodder 
shortage caused by the drought in summer 1976 and a rational endeavour to farm economi-
Fig. 3. With his Hungarian friends in front of the main building of the Martonvásár inst i tute 
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cally, seems to have finally aroused real interest in this technique. Our visit to the Garst Farm 
in September 1976 with specialists from the institute's experimental farm and from the neigh-
bouring state farm has been followed by a whole series of Hungarian farmer delegations. 
Searching for the reason for this sudden rush of delegations and for the delayed awaken-
ing of interest, Bob wrote in his letter of February 10th 1977, already quoted above: 
"Final ly I mentally decided that you, Sándor Rajki, were the cause of interest in the 
use of molasses and urea as the protein for ruminants and I reasoned w h y it had taken so long. 
"You are not a student of animal nutrition. Your education and your interest has not 
been even in plant nutrition — it has been in plant genetics. 
" B u t . . . you have vis i ted the United States frequently . . . and over the years you 
have seen our cattle operation grow and grow." 
The motivation he gives for the rush of delegations may be mistaken, while his ex-
planation of the delayed interest is probably correct, but what is incomparably more impor-
tant is the fact that the technique is finally being put into practice in Hungary. 
The f irst demonstration of the feeding experiment, in which maize waste (stubble 
grazing and stalk silage) enriched with carbamide, mineral salts and vitamins is fed to rumi-
nants, was organised at the experimental farm of the Martonvásár institute in mid-October 
1977. Bob and Elizabeth Garst were invited to attend and both of them wrote that they were 
looking forward greatly to their forthcoming visit to Martonvásár, but Bob's illness forced 
them to give up the idea. Barely two weeks after the demonstration we received the news 
that Roswell Garst had died on November 5th 1977. 
* 
Leo Schneider, whom I have known and respected since the beginning of my quarter-
century acquaintance with the Garsts, wrote this of his late employer to the grieving family: 
"Among the legacy Bob leaves us is . . . a constant urging to recognize truth, to learn 
how to do things better . . . to make progress. Among Bob's priceless attributes were his great 
wisdom, his boundless enthusiasm and a unique artistry of painting a picture in such a way 
that countless others understood and were inspired and enthusiastic in the pursuit of worthy 
endeavors. 
" E v e n though I am retired I still feel his prodding to go forward. I am sure this feeling 
is present wi th you and is his challenge for all of us. If we heed it, we will all be better people, 
and this is what he would want. If he could speak to us now, I'm sure he would say . . . no 
grief for me; there is a job to do; get on with i t ." 
And life goes on. The business management had already passed into younger hands 
years before Garst's death. His sons, Stephen and David, and his nephew, John Crystal, are 
partners in the Garst and Thomas Hybrid Corn Company, as are the three Thomas daughters, 
while my friend Dave Garst has long been one of the heads of the organisation. 
This is how I see the brief story of the 50-year-old Garst and Thomas Hybrid Corn 
Company and of my talented friend Bob Garst, a story which American agriculture and the 
American people have every right to be proud of. I sincerely hope t h a t this story will continue 
in the future for many years to come and through countless generations. 
S . R A J K I 
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This article commemorates József Dorner, one of the most prominent botanists of the 
19th century, the 170th anniversary of whose birth was celebrated in 1978. 
József Dorner was born on November 2nd 1808 in Győr. H e attended secondary school 
first in his nat ive town, then in Sopron. He started his career as a pharmacist as an apprentice 
in the apothecary's shop "The Hungarian King" in Sopron. He studied at Vienna university, 
and obtained a diploma in pharmacology in 1832. He was the owner of a chemist's shop in 
Pozsony for 4 years. 
R ight from his early youth botany was his favourite field of interest. Even as a second-
ary school student he studied the rich flora of the forests near Sopron with great interest. 
Later he travelled all over those parts of Hungary which abounded in the species he was 
interested in. He also spent a lot of time abroad. His first book, written on a s tudy tour in 
the Bánát at the age of 31, and entitled " D a s Bánát in topographisch-naturhistorischer 
Beziehung . . ." was published in 1839 and was such a success that it aroused the interest 
of contemporary scientists. He became friendly with the famous botanists of those times: 
Antal Rochel (1770—1847), warden of the botanical gardens in Pest , János Heuffe l (1800— 
1857), physician-botanist, I s tván Endlicher (1804—1849) the botanist known for his plant 
taxonomy, and József Sadler (1792—1849), professor of botany at Pest university and one 
of the leading personalities of the Royal Hungarian Society of Natural Sciences. H e kept up 
a correspondence with foreign scientists, including the botanists Eduard Fenzl (1808—1879) 
in Vienna and H. G. Ludwig Reichenbach (1793—1879) in Leipzig. 
In 1840 he sold his chemist's shop and took a post in the health department of the 
Governor's Council in Pest. 
In 1846 he decided to compile and publish a manual on the flora of Hungary. Heuffel 
and Sadler welcomed Dorner's plan and offered to collaborate wi th him, but due to Sadler's 
death in 1849 and Heuffel's illness the plan was never realized; Dorner could not undertake 
the enormous work alone. 
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On March 13th 1847 József Dorner was elected as member of the Royal Hungarian 
Society of Natural Sciences. As one of the notabilities of the botanical committee he was 
invited to take over the book collection and other collections of the Society. He organized 
the enlargement of the collections through exchange. 
During the war of independence he was invited to join the Ministry of Religion and 
Education of the first Hungarian government. However , after the capitulation it was im-
possible for him to return there, so he retired and devoted all his time to botany. 
In 1853 he delivered a lecture at the Royal Hungarian Society of Natural Sciences 
wi th the title "The plant kingdom and man". In a paper published in the journal "Uj Magyar 
Múzeum" (New Hungarian Museum) he discussed the Darwinist theory of evolution: "The 
t imes when botany was confined to the identification, of genera and species . . . have passed. 
The new science has assumed a higher standing. It no longer satisfies itself with the classi-
f icat ion of forms . . ., but searches for their inner relationships . . . An at tempt is made to 
become acquainted with the wonderful, simple organization of the plants , by which they 
build up their slender bodies, in order to obtain a deeper insight into the core and inner rela-
tionship of the highly diversified forms . . ." 
In his paper "The plant cell" he anticipated, ahead of his t ime, the concept of bio-
energy. He wrote: "The study of cells is the most remarkable part of the science of botany, 
which with the introduction of the microscope has become a most interesting subject . . . 
There exists in the cell a remarkable moving force, so far physically unidentified, whereby 
the cell content spreads in different ways unnoticed in the body of the p l a n t . . ." 
Thus, József Dorner realized that the tissue structure of plants would only become 
known through the regular use of the microscope. He also turned his attention to the l ife 
phenomena of plants , which is based on motion and metabolism. As early as 1853 he agreed 
wi th Engels in proclaiming: "Life is the mode of existence of the proteins, the essence of 
which is a continuous exchange of matter with the external environment surrounding them." 
This new, materialist approach to botany won him great respect. On December 15th 1858 he 
was elected as corresponding member of the Hungarian Academy of Sciences. The title of his 
inaugural lecture was: "Outline of the history and application of the microscope." 
In the 1850s he taught natural sciences in the Lutheran Evangelist grammar school 
at Szarvas, then from 1860 in a similar school in Pest. 
In 1863 at the IXth Congress of Hungarian Physicians and Natural Scientists, held 
in Pest, Dorner delivered a lecture on the "Cuscuta varieties of the Hungarian meadow". 
H e pointed out that owing to their parasitic nature the dodder species differ from dicotyledons 
in their tissue structure. He presented details of the germination and development of the 
dodder, and mentioned the prevention of dodder infestat ion too. During the lecture he showed 
mature specimens of Cuscuta. This lecture was a great success and aroused the interest of 
a number of foreign botanists as well. 
Dorner taught the Hungarian botanical terminology to Paul Ascherson (1843—1913), 
a botanist from Berlin, who then translated "Cuscuta varieties of the Hungarian meadow" 
into German. 
In his paper "Budapest tölgyei" (Oak-trees of Budapest) , published in the same year, 
he gave a summary of the Quercus species occurring in the environs of Budapest on the basis 
of his own observations. 
In one of his last works he compared the flora of Pest county to that of Lower Austria. 
This study was completed with a detailed list of plants. 
His secondary school text-books on botany, zoology and mineralogy were published 
in the 1860s. His scientific literary works include 8 books and many papers. In addition, 
a number of book-reviews and analyses were published in the "Magyar Tanügy" and in the 
educational column of the "Pester Lloyd". 
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His scientif ic prestige is illustrated by the f a c t that he was also a member of the Vienna 
Imperial and R o y a l Society of B o t a n y and Zoology. H e was very wel l educated in the human-
ities and languages. Thus, he also taught German literature in the upper classes of the Szarvas 
grammar school. He was an excel lent teacher. H e wished to pass on the very best of his 
knowledge and education. In t h e last years of h i s life he continued teaching in spite of his 
impaired health, until illness f ina l ly defeated him. H e died in Budapest on October 2nd 1873. 
In worthy m e m o r y of his name, his legacy, an enormous herbarium, is kept in the Botanical 
Collection of the Museum of Natural Sciences. 
József Dorner, botanist and teacher, was one of the most prominent pioneers engaged 
in studies on p lant organization and physiology in Hungary. 
According to Károly Kalchbrenner, the great botanist commemorated here "appeared 
at a time w h e n the sience of b o t a n y was respected b y very few in Hungary". 
L . H E G E D Ű S , L . S Z M O D I T S 
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LECTIONES 
E X P E R I M E N T A L RESULTS B Y T H E CROSS B R E E D I N G OF MAIZE. 
MACROMUTANTS OF T H E "CORN G R A S S " TYPE* 
One of the most important requirements for the deve lopment of animal husbandry 
production is the supply of fodder in the required quality and quanti ty . Maize plays a decisive 
role in the development of fodder production. It is principally used as corn-fodder, but it has 
been used for silo purposes in ever growing quantities during the last few years. However, 
only an insignificant number of maize hybrids are especially suitable for silo purposes. Thus, 
in the f ie ld of maize crossbreeding many trials have been made on the utilization of mutants 
in economical production. 
BÁLINT et al. (1964) examined two inbred lines wi th various mutagen treatments. 
The examinations showed that when the irradiation dosage was increased, the number of 
chromosome aberrations also increased, but this result was not observed with EMS treatment. 
One inbred line was more susceptible to irradiation than the other, but the situation was 
reversed with EMS treatment. 
BÁLINT et al. (1966) indicated that the variability of quantitative characters can be 
increased with acute g a m m a irradiation using doses of 5,000 and 15,000 rad. Wi th 5,000 rad 
the proportion of plus variants increased more than with the 15,000 rad dose. 
CHKHIKVADZE (1974) found good values for earliness, ear size and shape, and grain 
consistency in the M4 generation of the m u t a n t plants, when maize lines were treated with 
chemical mutagens. 
ANDRIANOVA (1975) reported that high combining abi l i ty was shown by mutant lines 
when a s tudy on yield, cold resistance, lodging, diseases and pests was made. 
MORGUN—LARCHENKO (1975), s tudying the frequency and spectrum of the mutations 
induced by chemical mutagens , found that the substances D N E U and N D M U had higher 
mutagenic activity than N E U and NMU in several cases. 
POTEKNINA (1975) studied variations in the "corn grass" mutant type for the yield 
component of 20 midseason radiomutants. The highest yielding lines were used in breeding 
programmes. The most promising were lines which combined high ear weight wi th high 1000- 
grain weight. 
TKACHENKO—BARANOVA (1975) obtained some promising single crosses from crosses 
between different mutant lines obtained b y treatment with gamma rays and D A B . Other 
single crosses from mutant lines were obtained by combining beta rays with D E S . 
CONGER (1976) found that the mutagenic efficiency increased as the dose of gamma 
radiation increased, but decreased with increasing doses of f iss ion neutrons. 
GAVRILYUK (1976) observed branching forms of plants derived from a "corn grass" 
mutant type obtained from the inbred line VIR-44 by g a m m a irradiation on pollen grains 
with a dose of 1500 rad. A n analysis showed that the material , which consists of families 
* Paper presented at the 9th E S N A meeting held in Brno, Czechoslovakia on September 
4—9th 1978. 
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Fig. 1. "Corn grass" macromutant type 
differing in morphological characters, includes different genotypes. Some variations were 
f o u n d in the progeny, both from inbreeding and from open pollination, w h e n the following 
characters were s tudied: number of lateral branches per s tem, number of tassel branches, 
tasse l height, leaf length, leaf breadth, number of nodes per stem and p lant height. 
MORGUN—CHUCHMII (1976) f o u n d tha t fast neutrons induced the h ighes t percentage 
of useful mutat ions and X-rays the l owes t , when dry seeds of inbred lines were treated with 
X - r a y s , gamma rays and fast neutrons alone, or in combinat ion with chemical mutagens, but 
the low doses gave the best results in the combined treatment . The best results were obtained 
w i t h a 5,000 rad neutron dose and a 0 . 0 0 1 % concentration of N-nitroso-N-ethylurea. 
ISHALINA (1977a) found that short-strawed m u t a n t plants differed f r o m the initial 
forms in leaf colour, earliness and t i l lering capacity w h e n pollen grains were treated with 
g a m m a radiation. 
ISHALINA (1977b) observed several useful characters in new sublines in the f i f th genera-
t ion of maize radiomutants , which differed morphologically from the original forms and which 
were obtained b y gamma-irradiating l ines using various doses. 
The present invest igat ion was the f irst util ization of macromutant p lants of the "corn 
grass" type (Fig. 1), obtained by g a m m a irradiation on pol len grains from maize inbred lines 
a t the Inst i tute of P lant Production and Ecology at tached to the Debrecen Agricultural 
Univers i ty . 
The present invest igat ion was carried out at the experimental p lantat ion of the Agri-
cultural Univers i ty , Debrecen. 
In the 1958 season the pollen grains of corn inbred l ines were treated w i t h a dose of 
1.5 krad using a Co-60 gamma source, a t the Medical Univers i ty , Debrecen, a n d the plants 
were fertilized wi th the treated pollen. I n the following year three different individual mutant 
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plants were found in the Mj generation, and these produced very rich m u t a n t populations 
in the following generations. From plants with narrow leaves which grew into bushes the 
so-called "corn grass" macromutant t y p e (Fig. 1) was selected and selfed in the following 
years, and this was later used for the present investigation, though it was not completely 
homozygous. 
In the 1976 season, some crosses were made between macromutant plants of the "corn 
grass" type and an American inbred line B14. The reciprocal cross was carried out as well. 
In the 1977 season, seeds of the two parents, the F 4 hybrid and the reciprocal cross 
were planted in trial plots with 7 0 X 3 5 cm spacing. During the vegetation period and after 
Table 1 
The mean values f x ) of quantitative characters for parents, hybrid (SC.) and reciprocal cross 
Characters B , , inbred H y b r i d Reciprocal ' Corn grass J 
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Table 2 
The mean values ( x ) of yield for the parents together, compared to the hybrid 
and the reciprocal cross 
Character 
P a r e n t s 
toge the r H y b r i d 
Reciprocal 
cross 
L .S .R . S % 
1% 






harvesting, some agronomic characters were studied on 20 individual plants chosen at random 
from each plot, and the following characters were recorded: 
1. Plant height was recorded before harvest ; the measurements were carried out from 
the ground surface to the end of the tassel. 2. Yie ld per shrub (g). 3. Number of ears. 4. Number 
of tillers. 5. Leaf length. 6. Leaf width. 7. Main stem diameter. 8. Number of l eaves under 
the ear. 9. Number of leaves above the ear. 10. Number of tassel branches. 11. Number of 
Fig. 2. The hybrid (SC) ( B M x C o r n grass) 
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rows. 12. Number of grains per row. 13. Ear length. 14. Ear diameter. 15. Cob diameter. 
16. 100-grain weight (g). 17. Analysis of amino acids. 
The results were statistically analysed, since every plant represented one replicate. 
Duncan's new multiple range method (L.S.R.) (KASIM 1975) was used, and a comparison 
between all the combinations was made. 
In the hybrid, the B14 inbred was used as the mother, and the "corn grass" macro-
mutant type was used as the father. In the reciprocal cross it was the opposite. 
In the 1978 season a comparative trial was planted. The hybrid was compared to two 
Hungarian standard varieties, the silo-corn standard Mv F v 26, and the grain-yield standard 
Mv 580. 
The quantitative and morphological characters, yield, yield components and analysis 
of amino acids for the parents, hybrid and reciprocal cross (Fig. 3) are outlined in the following: 
1. Plant height. The analysis of variance showed a highly significant difference between 
the hybrid and the two parents. The mean values of plant height are presented 
in Table 1. On average the hybrid was about one metre higher than the highest 
parent. 
2. Shrub yield. Super heterosis appeared in this characteristic. Table 2 shows a highly 
significant difference between the yield of the hybrid and the parents's yield to-
gether. 
3 . Number of tillers, 
4 . Leaf length, 
5 . Number of seeds per row, a n d 
6. Cob diameter. The analysis of variance for the above characters showed highly 
Table 3 
The analysis of amino acids f o r parents, hybrid and reciprocal cross 
Amino acids B4 J inbred Hybr id 
Reciprocal 
cross Corn grass 
Lysine 2.98 2.54 2.43 2.05 
Histidine 2.27 2.21 2.11 1.88 
Arginine 4.30 3.67 3.79 4.02 
Aspartic acid 7.55 7.54 7.26 7.12 
Threonine 3.76 3.69 3.90 4.31 
Serine 5.05 3.32 5.61 5.87 
Glutamic acid 20.34 22.72 21.56 20.23 
Proline 10.23 8.89 11.19 12.86 
Glycine 4.09 3.39 3.40 3.42 
Alanine 9.16 8.36 8.64 8.60 
Valine 3.74 3.53 3.36 3.82 
Methionine 2.17 2.15 2.16 2.04 
Isoleucine 2.89 3.13 2.92 2.77 
Leucine 12.89 14.79 13.04 12.81 
Tyrosine 3.52 3.44 3.33 3.54 
Phenylalanine 5.06 4.72 5.37 4.72 
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Plant height (cm) 
Fig. 4. Variations in vegetative characters in the parents, hybrid and reciprocal cross 
significant differences between all the combinations, except between the corn grass 
and the reciprocal cross, which was not significant. For the number of tillers, the 
hybrid was intermediate between the parents, but in the other three characters 
the hybrid had the highest mean. 
7 . Leaf width, 
8 . Number of rows, a n d 
9. Ear length. These three characters, when statistically analysed, gave highly signif-
icant differences between all combinations, except the comparison between 
the B14 inbred and the hybrid. The hybrid was intermediate between the parents 
in the number of ears, but it was greater for the other two characters. 
1 0 . Number of rows, a n d 
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11. Ear diameter. Highly significant differences be tween the hybrid and the parents 
were shown b y an analysis of variance, and the hybrid was the highest for these 
two characters. 
12. Number of leaves under the ear. There were significant differences between the hybrid 

















v. 8 -<u XI 







Î 2 ' 
<=-10-
























CORN GRASS Kio] 
I I ff 6-
z 4-
^ " 7 * 4 - 2j 
V \ . 0 10 15 20 25 30 35 40 45 





2 3 4 5 6 
Ear diameter 
7 8 9 
10 15 20 25 30 35 40 45 
Number of grains per row 
/ ' 1 
U - -
16 
J 4 ' 









100 200 300 400 500 500 700 800 900 1000 

























6 8 10 12 14 16 18 20 
Leaf length (cm ) 
T e 8 - 1 0 12 14 16 18 20 
Number of rows 
\\ v. 
1.0 1.5 2.0 2.5 3.0 3.5 4.0 4.5 5.0 
Cob diameter 
10 12 14 16 18 20 22 24 26 
100 grain weight ( g ) 
Fig. 5. Variations in yield and yield components in the parents, hybrid and reciprocal cross 
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13. Number of leaves above the ear. The analysis of variance showed that there was n o 
significant difference between the hybrid and the two parents, but the difference 
was significant between the B1 4 inbred and the reciprocal cross, and highly signif-
icant between the "corn grass" and the reciprocal cross, and between the hybr id 
and the reciprocal cross. 
14. The main stem diameter. From the analysis of variance the difference between t h e 
hybrid and the B14 inbred was not significant, but those be tween the hybrid and 
the "corn grass", and the hybrid and the reciprocal cross were highly significant. 
The hybrid was the highest. 
15. Number of tassel branches. The analysis of variance showed highly significant differ-
ences between the parents and the reciprocal cross and be tween the hybrid a n d 
the parents. But the differences between the hybrid and the reciprocal cross a n d 
between the two parents were not significant. 
16. 100-grain weight. There was no significant difference between the hybrid and t h e 
B I 4 inbred, and between the "corn grass" and the reciprocal cross, but there were 
highly significant differences between all the other combinations. 
17. Analysis of amino acids. Table 3 shows t h a t the hybrid had the highest content 
of Glu, iLeu and Leu and was intermediate between the parents for Lys, His, Ser 
and Met. 
A wide range of variation was observed in all the characters studied between t h e 
parents, the hybrid and the reciprocal cross. There w a s improvement of some characters i n 
the hybrid, which could be utilized in economical production; for instance, plant height w a s 
about 3 m (Fig. 2), and the tillers and yield were highly significant. In the hybrid some charac-
ters were intermediate between the two parents, but in many characters the effect of t h e 
mother's cytoplasm was evident in the hybrid vigour; when the inbred line B14, which h a s 
a high combining ability, was used as the mother in the hybrid, the y ie ld was higher t h a n 
in the reciprocal rross, when the macromutant "corn grass" was used as the mother. In F igs . 
4 and 5 it is shown that the hybrid and the reciprocal cross were related to the mother. 
* 
Prepared at the Department of Plant Production, University of Agriculture, Debrecen. 
H . R A B I E , K . P Á S Z T O R 
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I N F L U E N C E OF S U L P H A T E IONS ON T H E CHEMISTRY O F D I F F E R E N T SALTS 
I N SALT A F F E C T E D SOILS* 
Salt affected soils m a y be found with a h igh diversity of physical, chemical and bio-
logical properties under a w ide range of environmental conditions. 
Salt affected soils m a y occur in closed bas ins , river deltas and terraces with a moderate 
climate in N o r t h and South America, Europe, Australia, Siberia and other places. Large areas 
of semiarid and arid regions are covered with soils having increased quantities of water soluble 
salts and/or poor water physical conditions (in t h e Near and Middle East , Central Asia , North 
Africa, etc.). 
Some of these soils h a v e poor fertility due to the toxic concentration of sal ts in soil 
solution. In other soils affected b y salts the w a t e r uptake of the plants is restricted b y un-
favourable soil physical properties. 
All these soils have the common feature t h a t an increased amount of salt soluble in 
water plays a decisive role i n their formation a n d the water soluble salts are directly or in-
directly responsible for their l o w fertility. 
The formation of salt af fected soils is the result of two preconditions: 
1. resources of soluble salts , 
2. salt accumulation prevai ls periodically or permanently over leaching. 
The formation and accumulation of salts are due to a large number of geochemical 
processes taking part in the upper strata of the earth's crust. 
Salts soluble iu water originate from two sources: 
1. they m a y be of magmat i c origin, 
2. they can be formed b y the weathering of crystalline rocks. 
During the geological periods the magma forming processes and the volcanic and post-
volcanic phenomena facilitated the accumulation of large quantit ies of chlorides, sulphates 
and borates in the solutions circulating on the earth and in the oceans, in continental and 
marine deposits. It is probable that the chlorides and sulphates in rocks, soils and oceans 
trace back, a t least in part, to volcanic action. 
In the recent period the weathering of rocks is the primary source of soluble salts 
entering into natural waters, sediments and soils. Rocks contain Ca, Mg, К and Na in the form 
of silicates. T h e y rarely contain chlorides. Sulphur is usually present in the form of non-soluble 
sulphides, w h i c h may be transformed into su lphate due to the weathering and oxidation 
of volcanic and sedimentary rocks. 
The geochemistry of the salts of a given place is determined by the mobil i ty of the 
* Lecture held at the Symposium on L a n d Reclamation in Iraq (Baghdad, 26—29 
March, 1979). 
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compounds formed and by the sequence of precipitation of weathering products. The mobi l i ty 
of the rock forming elements depends on the fol lowing factors: 
1. the stability of the crystal network 
2. the radius of the ions formed during the weathering process 
3. the valence of the ions formed during the weathering process. 
These factors can he characterized by the coeff ic ient of energy, which is the proportion 
of energy contributed by any ion (though at inf inity) to the formation of a heteropolar combi -
nation. Fersman calculated the energy coefficients of single ions on the basis of the k n o w n 
lattice energies of inorganic salts. These values were called "experimental energy coeff ic ients" 
and they should be considered as the most reliable ones. The Fersman's energy coeff ic ients 
are closely related to the sequence of extraction of ions from minerals, t o the rate of migrat ion 
of ions and to their ability to accumulate in sediments and soils (Table 1). 
Table 1 
Sequence of ion-extraction during weathering 
(according to Fersman) 
Sequence 
of ex t rac t ion Ions 
Coefficient 
of energy 
I. Cl- , B r - 0.23 
N 0 „ - 0.18 
SO 2 - 0.66 
CO2- 0.77 
IL Na + 0.45 
K+ 0.36 
Ca2+ 1.75 
M g 2 + 2.10 
i n . SiO§- 2.75 
TV. Fe3 + 5.15 
Al8 + 4.25 
Table 2 
Migration categories of elements 
(after Polynov and Kovda) 
1. Virtually non-leachable Si from quartz 
2. Slightly leachable Fe, Al, Si 
3. Leachable Si, P, Mn 
4. Highly leachable Ca, Na , К, Mg, Си, Co, Zn 
5. Very highly leachable Cl, Br, I, S, С, В 
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According to Fersman's categories the mobi l i ty of ions increases with a decrease in the 
energy coeff ic ient of the ions and decreases w i t h an increase in the ion radius and valence. 
In extreme cases the salts produced by the weathering of rocks m a y accumulate at the site 
of their formation. This is the case when the insuff ic iency of precipitation prevents t h e m being 
removed to a distance. More frequently they are transported b y natural water and redis-
tributed. The distribution of the transported weathering products in a region is characterised 
by the sequence of migration categories of the e lements (Table 2). 
The absolute and relative participation of the elements in the formation of natural 
waters and sal ine soils are directly related to the categories which were determined empirically 
b y Polynov and Kovda. The m a i n compounds contributing to contemporary salt accumulation 
are the salts formed from the e lements in the 4 t h and 5th migration categories. The type of 
salt accumulation depends on: 
1. the quant i ty of water soluble salts 
2. the chemistry of salinization 
3. the vertical and horizontal distribution of accumulated salts in sediments and soils. 
The c l imatic , geological, geomorphological and hydrogeological conditions are determin-
ing factors in the type and degree of salinization. Geomorphologically, salt accumulation is 
connected w i t h the lowlands, or w i t h parts of lowlands such as f lood plains, deltas, low river 
terraces, lakes and coastal terraces. 
In Figure 1 the distribution of continental sediments is given in relation with the geo-
morphology of the accumulation of different weathering products. The regions of salinization 
and of carbonate accumulation are clearly indicated. 
From a hydrological point of view, the accumulation processes are usually related to 
regions with temporarily or permanently high water tables. Salt accumulation m a y often 
prevail where run-off is slight or virtually absent. 
Climatic conditions where evaporation, e i ther permanently or at least for some time, 
exceeds precipitation and run-off are favourable^for salt accumulation. Due to the connection 
between cl imate and accumulation processes there is a zonal distribution in tbe mineralization 
degrees and t y p e s of natural waters , sediments and soils (Table 3). 
massive pr imary rock 
a l l i t i c e luviate 
e luv ia l over ly ing layer 
leve l of ground wa te r table 
Fig. 1. Distribution of continental sediments. (G—О = level of catchment area; A A — G G = 
region of sulphate-chloride salinization; B B — A A = region of carbonate accumulation; 
С—BB = region of siallitic t y p e of accumulation) 
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Characteristics of accumulation processes in Eurasia in relation to natural conditions (after Kovda) 
Residua l sal inization 
of s ed imen ta ry rocks 
M a x i m u m minera l iza t ion of wa te r 
M a x . q u a n t i t y of sal ts 
in Burface horizons 
of solonchaks, % 
Salinization 
of i r r igated soils Condit ions r iver g round lake Typica l compounds 
eft 
Deserts common 20 - 9 0 2 0 0 - 3 5 0 3 5 0 - 4 0 0 25 - 75 NaCl, N a N 0 3 
MgClj, MgS0 4 
CaClj, CaS04 
widespread 
Semideserts frequent 10 —30 1 0 0 - 1 5 0 3 0 0 - 3 5 0 5 - 8 NaCl, Na 2 S0 4 
CaS04 , MgS04 
often found 
Steppes rare 3 - 7 5 0 - 1 0 0 1 0 0 - 2 5 0 2 - 5 Na 2 S0 4 , NaCl 
Na2C03 , NaHC0 3 
rarely found 
Forest steppes none 0 . 5 - 1 1 - 3 1 0 - 1 0 0 0 . 5 - 1 NaHC03 , Na2C03 
Na 2 S0 4 , Na 2Si0 3 
unknown 
Forests none 0 . 1 - 0.2 0 - 1 none none R 2 0 3 , S i0 2 none 
Table 4 
Chemistry of gneiss, the weathered sediments of gneiss and the dry residual of the local river waters 
(after Polynov) 
S i O , s o j - C l - Ca '+ Mg1* N a + K + AI ,0, Fe„0, 
0/ /о 
Primary rock (gneiss) 64.1 0.26 0.04 0.64 1.10 1.20 2.67 20.35 6.97 
Weathered sediment of primary 
rock 60.1 0.22 0.04 0.38 1.31 1.12 2.65 20.17 8.55 
Dry residual of river waters 21.3 36.7 trace 13.00 2.80 7.8 0 3.6 0 
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Regarding the mineralization of natural waters in Eurasia, the salt concentration of 
river waters amounts to 0.1—0.2 g/1 iu the forest zone, which increases up to 20—90 g/1 in 
the desert wi th the increase in aridity. The stagnant waters of 1акез are mineralized more 
than the river waters in the same region. In desert and semidesert regions the mineralization 
in the water of lakes reaches 300—100 g/1. The chemical composition of accumulated salts 
changes parallel with the increase in mineralization. 
While in cases of a comparatively low degree of mineralization the accumulation of 
carbonate-bicarbonate salts prevails , with an increase in mineralization the carbonate-sulphate 
and chloride-sulphate types of salt accumulation will be dominant. 
In the соигзе of the deve lopment of soil science and soil classification two main groups 
of salt-affected soils have been distinguished: 
1. Soils affected by salts dissociating with a neutral reaction, mainly sodium chloride 
and sodium sulphate. 
2. Soils affected by sod ium salts capable of alkaline hydrolysis, mainly by sodium 
carbonate, sod ium bicarbonate and sodium silicate. 
Besides these two main groups the following types of soils belong to salt affected soils: 
a) Gypsiferous soils. In these soils the high CaS0 4 content causes salinity. These kinds 
of soils occur in several areas w i t h arid and semiarid conditions (i.e. the Middle East , North 
Africa, Central Asia, etc.). 
b) Sal inity caused by calc ium chloride. Similar to group "a", but it occurs more seldom 
under arid conditions. 
c) Salinity caused by magnes ium salts. This group occurs under various environmental 
conditions. This type of salinity is mentioned only vaguely in technical literature. 
d) Acid sulphate soils occur on the coastal regions of practically all continents, on 
clayey sediments, under brackish to saline conditions. They form during the aeration of piritic 
sediments in the swampy coastal area in the absence of sufficient neutralizing substances such 
as calcium carbonate. 
Although it is evident t h a t semiarid and arid regioas are the typical areas of sulphatic 
salinization, sulphates may accumulate in soils under different cl imatic conditions. 
The mobi l i ty of different sulphate salts and their role in the formation of salt affected 
soils are very diverse. The inf luence of sulphates on soil properties and plant growth depends 
mainly on the k ind of cation to which the sulphate is bound. 
Discussing the influence of sulphate salts on soil properties we may distinguish: 
I. the evaluation of sulphate sources 
II. the description of the solubility of sulphate compounds 
III. the discussion of the e f fect of sulphate salts on the physical and physico-chemical 
properties of soils and the characterization of the toxicity of sulphate compounds to plant 
growth. 
I 
The evaluation of sulphate sources 
Таз sulphate compounds in natural waters, sediments and soils are mainly weathering 
products of the minerals of volcanic and sedimentary rocks, as can be seen in Table 4. 
Calcium sulphate occurs in natural waters, sediments and soils of all regioas with 
different climatic conditions аз a product of the weathering of sulphide minerals, due to the 
reaction of sulphate ions with calc ium removed from the calcium bearing minerals. 
Calcium sulphate also accumulates secondarily by the reaction of sodium sulphate and 
calcium chloride in sediments and soils. In semiarid and arid regions the sediments and rocks 
contain large quantit ies of ca lc ium sulphate, precipitated during the evaporation of saline 
lacustrine waters and ground waters . 
Acta Agronomica Academiae Scientiarum Hungaricae 29, 1980 
L E C T I O N E S 443: 
Calcium sulphate accumulates in the soil under various climatic conditions, in various 
soil horizons and in various quantities and forms. 
Usually, in the soils of the moderate climatic belt, calcium sulphate accumulates in the 
"B" 2 horizon of hydromorphic soils, as for instance in meadow solonetz, solonetz-like meadow 
soils and meadow soils. 
I n Table 5 this phenomenon is demonstrated in the hydromorphic soils of the Hungarian 
Lowland. 
Table 5 
The chemical composition of saturation extracts of hydromorphic soils in Hungary 
Soil 






C a » M g » Na + H C O r a - SOJ-
me/1 
Meadow soil 7 - 17 0.10 5.25 0.98 0.87 0.64 3.90 0.55 
5 8 - 72 0.30 14.80 12.60 6.10 1.46 12.80 6.60 
9 0 - 1 1 0 0.35 22.50 12.10 4.80 0.88 5.30 27.00 
1 2 6 - 1 3 6 0.22 17.80 9.80 7.60 1 . 0 0 5.60 22.90 
Solonetz-like 5 - 17 0 . 0 1 2.40 2.80 0.97 0.25 2.00 0.50 
meadow soil 3 0 - 42 0.06 2.50 5.30 1.60 3.00 2.50 1.30 
5 6 - 76 0.10 3.75 3.60 1.60 1.60 0.72 2.60 
8 9 - 1 0 0 0.55 17.40 16.00 21.30 1.40 1.10 31.40 
Meadow solonetz 8 - 16 0.06 4.30 6.00 6.40 3.10 4.40 1.40 
2 6 - 37 0.12 4.50 3.70 10.00 3.50 3.40 4.30 
4 5 - 55 0.20 40.0 3.40 18.20 4.80 4.60 4.10 
7 5 - 85 0.75 15.10 41.70 37.70 1.50 1.70 37.80 
9 7 - 1 0 5 0.75 15.50 34.80 34.30 1.40 1.30 43.50 
1 1 7 - 1 2 6 0.25 3.10 8.30 24.50 3.30 2.70 8.30 
Table 6 
Chemical composition of the soluble salts in meadow solonchak in north Kysil-Kum Desert, 
determined from 1 : 5 water extracts 
(after Y. M. Borovski) 







H C O - co;- ci- so;- C a » Mg» N a + + K + 
% 
3271 0— 2 21.73 0.04 traces 1.85 11.36 2.63 0.36 5.68 
2 - 6 16.00 0.04 traces 1.46 8.62 2.52 0.33 4.18 
1 0 - 15 4.41 0.02 0 1.05 1.61 0.33 0.18 0.74 
2 5 - 30 3.52 0.02 0 1.09 1.04 0 . 1 1 0.16 0.79 
4 0 - 45 3.23 0 . 0 1 0 0.89 1.04 0.13 0.12 0.71 
1 2 0 - 1 2 5 1.24 0 . 0 1 0 0.20 0.58 0.12 0.04 0.19 
1 9 0 - 1 9 5 1.94 0.02 0 0.18 1.04 0.18 0.05 0.32 
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Table 7 
The chemical composition of saturation extracts of 
D e p t h of sampling, 
cm 
C a , + Mg*+ N a + 
1 2 l 2 1 2 
10* mol/1 
4 0 - 6 0 8 . 4 2 1 1 . 5 1 6 . 7 1 3 . 5 9 7 . 8 9 0 . 6 
6 0 - 8 0 1 . 8 0 1 2 . 1 4 . 1 4 . 1 6 3 . 0 5 9 . 3 
8 0 - 1 0 0 1 . 9 0 1 2 . 3 4 . 2 4 . 5 6 3 . 0 4 9 . 8 
1 0 0 - 1 2 0 1 . 4 0 1 2 . 5 2 . 2 0 2 . 1 4 3 . 5 3 9 . 5 
1 2 0 - 1 4 0 1 . 4 0 1 2 . 0 1 . 6 0 2 . 7 3 7 . 0 3 3 . 3 
1. Before saturating with gypsum. 2. After saturating with gypsum. 
Calcium sulphate often occurs in the deeper layers of the soils of the steppe region and 
calcium sulphate m a y he found in high amounts in the gypsiferous soils of deserts and semi-
deserts. 
In Table 6 the chemical composition of the soluble salts in a meadow solonchak in the 
Kyzi l -Kum Desert shown. 
Calcium sulphate usually occurs in soils as gypsum. Gypsum crystallizes in soils in 
a great variety of forms, from thin transparents to large nodules, concretions or regularly 
shaped slabs. Gypsum sometimes forms a spongy porous mass in soils, causing cementation 
in the horizon of accumulation on the surface, or in the entire soil profile. Under the very dry 
cl imate of deserts the gypsum may be dehydrated and turn into a dry powdery mass of calcium 
sulphate hemihydrate. 
Magnesium sulphate, which has high solubility, is mainly a product of weathering. It is 
a typical component of sea water, occurs in saline ground waters, in many saline lakes, and 
accumulates in the form of epsomite (MgS04 • 7H 2 0) in the saline soils of desert and semi-
desert regions. Magnesium sulphate never accumulates in soils in the pure form, but may 
a lways be found together with other easily soluble salts, such as sodium sulphate, sodium 
chloride and magnesium chloride. 
Sodium sulphate is mainly a weathering product, with high solubility and high mobility. 
High concentrations of sodium sulphate may occur in saline ground waters, in the water of 
saline lakes and in sea water. Sodium sulphate can be found in the salt affected soils of the 
s teppe region, but it is a typical compound in the saline soils of desert and semidesert regions. 
Depending on the temperature, sodium sulphate crystallizes with a different number of water 
molecules. On the surface of solonchak soils, at relatively low temperature, it precipitates 
in the form of large transparent mirabilite (Na2S04 • 10 H 2 0) , which, with an increase in 
temperature and a decrease in humidity, dehydrates and turns into white powdery thenardite 
(Na 2 S0 4 ) . 
II 
The solubility of sulphate compounds 
The sulphate compounds taking part in the formation of salt affected soils have very 
different solubilities. The concentrations of saturated solutions of gypsum, magnesium sulphate 
and sodium sulphate at 25 °C are: 2 g/1, 262 g/1, and 280 g/1, respectively. 
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solonetz soil before and after saturating with gypsum 
so HCOr ci- "I" 
1 2 1 2 1 2 1 2 
10* • mol/l 
65.8 63.9 0.87 1.33 14.7 13.8 238.6 230.5 
31.7 39.6 1.71 1.48 12.4 11.4 113.7 147.6 
31.6 38.9 0.95 2.14 13.8 12.7 114.2 143.9 
17.7 29.5 1.1 1.62 12.2 11.2 71.0 115.0 
15.3 25.8 0.67 1.08 11.4 10.7 51.0 103.5 
The solubility of calcium sulphate: The saturation concentration of gypsum in water 
is rather low. The solubility of calcium sulphate depends on the ionic concentration and the 
composit ion in the case of a mixed salt solution. The amount of gypsum dissolved at saturation 
concentration can be calculated from: 
a) the thermodynamic solubility product of CaS04 • НгО, 
b) the total ionic concentration of the solution to be saturated for gypsum, 
c) the ionic composition of the solution before saturating with gypsum. 
The solubility product of a salt calculated from the concentrations of the related ions 
depends on the ionic concentration and ion composition of the electrolyte. The thermodynamic 
so lubi l i ty product which is calculated from the activities of the ions and takes into account 
the electrostatic interaction of particles wi th opposite charges remains constant in electrolytes 
having different concentrations and different compositions. 
Saturation extracts from solonetz soils were prepared and analysed before and after 
saturating with calcium sulphate (Table 7). The solubility products (thermodynamic solubility 
products) were calculated with and without subtracting the sum of the ion-pair concentrations 
from the analytical concentrations of calcium and sulphate ions. 
I t is evident, that the ability to form ion-pairs depends on the valences and sizes of 
the ions. 
The solubility products of gypsum (Table 8) depend on the ionic concentration of the 
solution calculated either from the analytical concentrations of calcium and sulphate or by 
reducing the ion concentrations by the sum of the ion-pair concentrations. The thermodynamic 
solubil ity product changes only slightly wi th the change of ionic concentration in the solution 
and it is independent of the electrolyte concentration if the thermodynamic solubility product 
is calculated from the reduced activities of calcium and sulphate ions. 
The solubility of calcium sulphate is higher in the soil solution when the concentration 
of non-sulphate electrolytes increases. In a solution containing sodium sulphate and/or magne-
sium sulphate the dissolution of calcium sulphate is limited by the concentration of sulphates. 
In systems containing solid calcium carbonate and calcium sulphate the ratio of the 
amounts of CaS04 and CaC03 dissolved must be determined by the ratio of their thermo-
dynamic solubility products, according to the following equation: 
^SPCaSO« г * 5 1 0 3 ( a t 2 5 ° C ) 
K S P C a C O , 
Ksp = thermodynamic solubility product. 
For the sulphate type of salinization the solubility of calcium sulphate decreases with an 
increase in the sulphate concentration of the soil solution and the dissolution of CaC03 in-
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Table 8 
The solubility product of gypsum calculated from the concentration 
and ionic activities of soil saturation extracts saturated with CaSOt 
Ionic strength 
of the solution 
Solubi l i ty product 
ca lcula ted from 
The rmodynamic solubility 
p roduc t calculated from 
t o t a l reduced tota l reduced to ta l reduced 
in 10> mol/1 ion concentra t ions ion activities 
230.5 170.7 7.33 10"« 2.92 10" * 5.81 • 1 0 - ® 2.85 • 10" 5 
147.6 114.0 4.78 10"1 2.12 10" i 5.19 • io~® 2.74 • 10" 5 
143.9 109.9 4.80 10~4 2.12 10" < 5.39 • 10"® 2.81 • 10" 5 
114.5 89.3 3.69 10"' 1.72 10" 4 4.76 • 10"» 2.62 - 1 0 " 5 
103.5 78.9 3.10 ю - « 1.46 10" 4 4.28 • 1 0 " » 2.39 • i o - 6 
KSp — 5.07 • 1 0 " ® 2.68 • i o -
5 
S = 2.59 I O " 8 8.24 • i o - 7 
c v = 11.4% 6.87% 
Table 9 
Chemical composition of saturation extracts after treatment with CaSOt anhydrite 
D e p t h of 
sampl ing , 
c m 
" p H " 
Ca '+ COJ- HCO-, S O J -
• T * 
10' • mol/l 
The rmodynamic solubility product 
me/l CaSO, CaCO, 
2— 8 8.25 39.75 2.06 6.54 141.30 266.3 4.635 • 10"5 2.2346 ю - « 
8 - 1 7 8.10 29.01 2.16 3.79 139.30 251.0 3.582 • i o - 5 0.7867 10"8 
1 7 - 3 2 8.13 29.68 1.26 3.64 154.67 272.9 3.743 • 10-« 0.8906 i o - 8 
32—42 7.85 29.42 1.34 3.52 140.24 250.9 3.631 • 10-® 0.2544 10"8 
4 2 - 6 3 7.75 30.19 1.18 3.34 100.24 180.1 3.520 • 10-® 0.1916 10"8 
6 3 - 7 9 7.80 34.42 0.98 1.99 70.90 136.3 3.703 • 10-® 0.3251 1 0 - 8 
7 9 - 9 0 7.75 35.65 0.59 2.21 63.40 124.8 3.725 • 10"» 0.2839 IO-8 
X = 3.791 • 10-® X = 0.7096 10"8 
S = 3.81 • 10-e s = 0.2747 10"8 
s = 1.44 • 10-« 
c v = 9.74% 
lg Kcaco. = lg (Ca 2 +) + 2 pH + lg [Kj • K 2 (H2CO s)] 
l g C a S 0 l = lg (Ca 2 +) + l g ( S O f - ) 
creases due to the increasing ionic concentration. The dissolution of calcium carbonate shifts 
t h e p H value of the media towards the alkaline reaction. 
Saturation extracts prepared from solonetz soils containing CaC0 3 were saturated with 
calc ium sulphate and analysed as to their chemical composition (Table 9). The data of analyses 
indicate clearly that the carbonate concentration, the total alkalinity and the p H value of 
the extract increase parallel with the increasing sulphate concentration. 
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The increase in the sulphate concentration stabilizes the calcium concentration of 
a solution saturated w i t h calcium sulphate at a certain level. 
The thermodynamic solubility product of CaS04 was calculated from the reduced 
activities of calcium and sulphates ions. The reduced activities of the ions were calculated 
by subtracting the sum of the ion-pair concentrations from the analytical concentrations 
of the relevant ions and multiplying wi th the coefficients of activities from the enlarged 
equation of Debye—Hiickel: 
Az2 / Г 
— log y = — 
1 + BvYl 
A and В = constants 
1 = ionic concentration of the solution mol/1 
z = valence of the ion 
V = diameter of the hydrated ion À 
y == coefficient of act iv i ty 
The average thermodynamic solubility product of calcium sulphate anhydrite is 
3.79 X 10" 5, the standard deviation of the mean is 1.44 X 10" 6 and the coefficient of variation 
amounts to 9.74%. The thermodynamic solubility product in the extracts investigated does 
not show any dependence on the concentration of the solution. The thermodynamic solubility 
product of calcium carbonate was calculated from the reduced activitv of calcium ion and 
the p H value of the solution: 
lg K S P = lg K jK ^ H jC O j ) + pH + lg (Ca2 +) 
Kj and K2 = the first and second dissociation constants of H 2C0 3 
Kgp = thermodynamic solubility product of CaC03 
(Ca2+) = activity of related ion compound. 
The average thermodynamic solubility product is 0 . 7096x10" 8 
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Fig. 2. Solubility of salts depending on Na 2S0 4 concentration 
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The standard deviation of the mean amounts to 0.2747 X Ю -
The solubility of magnesium sulphate: this is very good in water and depends only 
sl ightly on the temperature. The saturating concentration of magnesium sulphate decreases 
w i t h increasing sodium sulphate concentration (Fig. 2). 
Magnesium sulphate has high mobility as a result of i ts high solubility. 
The solubility of sodium sulphate: sodium sulphate has high solubility in water. The 
dissolution of this salt depends very much on the temperature and it increases considerably 
if the temperature rises. In the case of sodium sulphate salinization the s ituation is Tather 
complex. In the warm dry season of the year sodium sulphate accumulates together with 
other easily soluble salts on the surface of soils. In the cold rainy period the solubility of 
sodium sulphate decreases and it is not leached. 
I l l 
Discussion of the effect of sulphate salts on the physical and physico-chemical properties of soils 
and the characterization of the toxicity of sulphate compounds to plant growth 
The influences of different sulphate compounds on the soil properties and p lant growth 
are rather different and they are determined b y the solubility of the salts, and t h e valence 
and size of the cation of the sulphates. 
Calcium sulphate may accumulate in large amounts in soils, but it has no tox i c effect 
on the plants due to its low solubility. 
The compact layer of gypsum accumulation on the surface or in the root zone of soils 
m a y be impenetrable by water, air and plant roots and it may have an adverse e f f ec t on the 
plants. The calcium ion of calcium sulphate reacts wi th sodium salts capable of alkaline hydro-
lysis and with the exchangeable sodium in the soil. If gypsum is present in the soil i t neutralises 
the sodium salts capable of alkaline hydrolysis, forming poorly soluble salts w i th the anion 
of the weak base, while the cation forms salts dissociating with a neutral reaction. The calcium 
ion of calcium sulphate replaces the exchangeable sodium according to the extent of decrease 
in the sodium adsorption ratio in the equilibrium solution (Table 10). 
If the sulphate type of salinization occurs, the leaching of sodium sulphate causes an 
Table 10 
SAB values and sodium saturation percentages of soils before 
and after treatment with calcium sulphate 
Depth of sampl ing , 
cm 
SAR E S P 
A SAR A E S P 
1 2 1 2 
2 - 8 3 1 . 6 2 3 . 7 3 1 . 2 2 5 . 2 7 . 9 6 . 0 
8 - 1 7 5 3 . 4 2 7 . 5 4 3 . 7 2 8 . 2 2 5 . 9 1 5 . 5 
1 7 3 2 6 9 . 6 3 5 . 0 5 0 . 3 3 3 . 5 3 4 . 5 1 6 . 8 
3 2 - 4 2 6 5 . 6 3 2 . 4 4 8 . 8 3 1 . 7 3 3 . 2 1 7 . 1 
4 2 - 6 3 7 3 . 0 2 0 . 9 5 1 . 6 2 2 . 9 5 2 . 1 2 8 . 7 
6 3 - 7 9 3 9 . 5 1 0 . 4 3 6 . 3 1 2 . 3 2 9 . 1 2 4 . 0 
7 9 9 0 3 8 . 4 7 . 1 3 5 . 6 8 . 5 3 1 . 2 2 7 . 2 
1. Before treatment with calcium sulphate. 
2. After treatment with calcium sulphate. 
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increase in the solubil i ty of calcium sulphate and this phenomenon promotes the ameliorative 
ef fect . Gypsum and other materials containing ca lc ium sulphate are widely used for t h e 
reclamation of sodic and alkali soils. The influence of magnesium ion o n the soil properties 
and plant growth is rather diverse and it depends o n t h e form and quant i ty of magnes ium 
accumulated in the soil. 
Magnesium sulphate may accumulate in soils in large quantities. A solution with a h i g h 
concentration of magnesium ions is one of the most t o x i c and harmful agents for plants. 
An increase in the magnesium ion concentration i n the soil solution during the accumu-
lat ion period leads to an increase in the magnesium saturation of the soil and to an increase 
in the magnesium adsorbed by soil minerals. The cat ions of the soil solution among the magne-
s ium ions may adsorb on the clay minerals by ion exchange or they m a y enter the crystal 
latt ice of the layer silicates or possibly combine wi th other products of weathering to f o r m 
c lay minerals. H e a v y textured soils wi th an increased amount of easily soluble magnes ium 
salts and/or a high degree of magnesium saturation o f t e n contain layer silicates rich in magne-
sium. The degree of magnesium adsorption and desorption are determined by: 
a) the equilibrium between the cations of intermicellar and micellar solutions 
b) the equilibrium between t h e cations of the crystal lattice of t h e mineral and t h e 
micellar solution. 
During the accumulation period the magnesium sulphate accumulates together w i t h 
other easily soluble salts, mainly w i t h sodium salts. A n increase in sodium and magnes ium 
ion concentration in the solution raises the sodium and magnesium saturation of the soil 
and the ratio of layer silicates rich in magnesium. If the leaching process takes place t h e 
soluble salts are leached out according to their mobi l i ty . The degree of sodium saturation 
decreases proportionally with the change in the concentration and chemistry of the soil solu-
tion. Some of the exchangeable magnesium may enter the liquid phase too , but it is recharged 
b y the magnesium ions entering f rom the crystal la t t i ce in exchangeable position. According 
t o our present knowledge different types of "magnesium soils" may be distinguished. 
a) Magnesium or magnesium-sodium solonchak 
b) Heavy textured meadow soils with poor water-physical properties 
c) Residual solo netz soils w i t h the morphological features of solonetz soils, h a v i n g 
a high degree of magnesium saturation but a low degree of sodium saturation. 
Sodium sulphate accumulates iu soils under different climates in different quantit ies . 
In the desert and semidesert regions it is a typical compound of the salts accumulated in 
saline soils as might be expected f rom its high mobi l i ty . The toxicity of sodium sulphate is 
two or three t imes less than that of magnesium sulphate and it is two or four times less t h a n 
the toxicity of sodium chloride. In a sodium sulphate type of salt accumulation an increase 
in the salt concentration and the sodium adsorption ratio in the soil solution shifts the ion 
exchange equilibria in favour of the sodium ions and the degree of sodium saturation of the 
soil increases wi th the increasing salt accumulation. 
Comparing the equilibrium conditions in s y s t e m s containing sodium chloride and 
sodium sulphate the degree of sodium saturation of the adsorbent differs as much as the 
coefficient of ac t iv i ty of the chloride and sulphate i ons under the same conditions. In soils 
containing sodium sulphate and calc ium sulphate, t h e degree of sodium saturation increases 
parallel with the increase in the sodium sulphate concentration. 
Sulphate solonchaks usually contain Na 2S0 4 and MgS04. They occur mainly in con-
tinental depressions in the semidesert and desert regions. They have favourable water phys ica l 
properties. The sulphate solonchaks can be ameliorated easily and rapidly by leaching and 
drainage, as a result of their natural gypsum content and high water permeability. The leaching 
has to be carried out in the warm period if the main compound among the sulphates is the 
sodium sulphate, to avoid the decrease in salt solubi l i ty with the decrease in temperature. 
Acta Agronomica Academiae Scientiarum Hungaricae 29, 1980 j j 
Table 11 
Classification of saline, soils by degree and type of salinity in relation to field crops 
Type of salts dominat ing in soils 
Condition of agricultural 
crops with medium 
salt resistance 
Degree 













Content of salts soluble in water in the horizon 
of m a x i m u m salt accumulat ion within the s t r a tum 
0—60 cm (as % ) 
Content of salts soluble in water on average, for the 
0—100 cm s t r a t u m (as % ) 
Good growth and devel-
opment (no bare 





0.10 0.15 0.15 0.15 0 . 2 0 0.25 0.30 
Slight withering (bare 
patches and decrease of 
crop by 10 - 2 0 % ) 
Slightly saline 0 . 1 0 - 0 . 2 0 0 . 1 5 - 0 . 2 5 0 . 1 5 - 0 . 3 0 0 . 1 5 - 0 . 3 0 0 . 2 0 - 0 . 3 0 0 . 2 5 - 0 . 4 0 0 . 3 0 - 0 . 6 0 
Medium withering (bare 
patches and decrease of 
crop by 20 -50%) 
Medium saline 0 . 2 0 0 . 3 0 0 . 2 5 — 0 . 4 0 0 . 3 0 - 0 . 5 0 0 . 3 0 — 0 . 5 0 0 . 3 0 0 . 6 0 0 . 4 0 — 0 . 7 0 0 . 6 0 - 1 . 0 
Marked withering (bare 
patches and decrease of 
crop by 5 0 - 8 0 % ) 
Strongly saline 0 . 3 0 - 0 . 5 0 0 . 4 0 - 0 . 6 0 0 . 5 0 - 0 . 7 0 0 . 5 0 - 0 . 8 0 0 . 6 0 - 1 . 0 0 . 7 0 - 1 . 2 0 1.0 - 2 . 0 
A few scattered plants 
survive (virtually no 
crop) 
Solonchaks >0 .50 >0 .60 > 0 . 7 0 >0.80 > 1 . 0 >1.20 > 2 
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In chloride-sulphate and sulphate-chloride types of salinization chloride and sulphate 
salts accumulate together. The method of amelioration is nearly the same as t h a t for sulphate 
solonchaks. The maximum permissible level of salt content and the desired degree of leaching 
are different because of the different tox ic i ty of chloride and sulphate ions (Table 11). 
In sulphate-carbonate salinization the sulphate ions dominate in the soil solution but 
the presence of carbonate ions shifts the reaction of the media to the alkaline range, increases 
the toxic effect of the salts on the plants and raises the dispersion of soil particles, causing 
poor hydrophysical properties. The amelioration of soils formed by the inf luence of sulphate 
soda-saliuization is carried out by the use of chemicals in combination wi th drainage and 
leaching. 
| I . S Z A B O L C S , К . D A R A B 
Research Inst i tute for Soil Science and Agricultural Chemistry 
of the Hungarian Academy of Sciences, 
Research Institute for Water Resources, 
Budapest 
W I N T E R H A R D I N E S S — FROST RESISTANCE* 
Winter hardiness is a hereditary character, which is generally associated with winter 
habit but is not exclusively a property of winter wheat. There exist, for example , intermediate 
wheats, which are actually frost resistant spring wheat3 and can be sown in a u t u m n or spring 
alike. 
The winter hardiness of winter wheat s is generally mos t pronounced in that stage of 
ontogenesis when the vernalisation period is not yet finished. In addition, i t depends on the 
current state of hardening. This explains why the resistance of hereditarily winter hardy 
varieties is not always expressed to the same extent but varies from year to year, depending 
on a number of factors (sowing time, supplies of water, nitrogen and phosphorus, etc.). Thus, 
the development of winter hardiness is considerably inf luenced by the environment. This is 
the геазоп for the varying winter hardiness of certain wheats not only in different years but 
also in the соигзе of any given year. 
Frost resistance is part of winter hardine33 bat is not identical with it , since in winter 
the plants are also exposed to other stress factors apart from frost (wind, snow, rain, hail, 
withering, etc.), but these effects are also iaduced maiaty by reduced temperature. Thi3 is 
why those wheats which withstand frost usually survive the winter too, which means that 
frost resistance is a reliable iadicatioa of winter hardiness. 
Under the weather conditions experienced in the Carpathian Basin, concessions with 
respect to frost resistance and winter hardiness cannot be made with impunity, because in this 
region the weather is very variable and mild winters are o f ten followed by severe ones, as is 
well illustrated by the mean December, January, February and March temperatures over 
many years (Figs. 1 — 1). A number of mild winters in succession, as has been experienced 
for the most part in the seventies, may lead to the anrseries of winter cereal breeders becom-
ing dominated by Ьпез which may be completely destroyed by the following hard winter. 
In order to counteract th'i3, efforts have been made at Martonvásár to elaborate a test, with 
the help of which the frost resistance of winter wheat breeding stock can be reliably determined 
independently of the external weather fluctuations. This was facilitated by the establishment 
of a phytotron in the institute at the end of 1972. The method basically consists of raising, 
* Address presented as FAO consultant in Poland, autumn 1979. 
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Fig. 3. February mean temperature (1781—1979) 
°C 
Fig. 4. March mean temperature (1781—1979) 
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hardening, freezing and thawing t h e experimental p lants and determining the frost resistance 
on the basis of the extent of regrowth, all in a reproducible environment in the phytotron , 
throughout the year. 
Materials, methods, results and evaluation per experiment 
Hundreds and thousands of new Martonvásár wheat lines produced by the winter 
wheat breeding team, and the combinations originating from hybrid wheat research, have 
been examined in the phytotron since the end of 1972. The frost resistance tests carried out 
for Martonvásár and non-Martonvásár programmes alike are part of t h e phytotron's contribu-
tion to genetical, cytological and biochemical research. Right from t h e start, the frost resis-
tance tests have been linked wi th methodological experiments in order to perfect the tes t ing 
method (ÂKERMAN—LINDBERG 1927, TUMANOV 1935). These methodological experiments were 
aimed mainly at optimising the raising, hardening and freezing of the plants and can be sum-
marised as fol lows. 
Experiment 1 
The f irst methodological experiment was set u p in 1972/73, w h e n the phytotron w e n t 
into operation, and was arranged as follows: 
1.1 Plants grown and frozen in the phytotron 
1.2 Plants grown in the o p e n and frozen in t h e phytotron 
1.3 Plants grown in the phyto tron and overwintered in the open 
1.4 Plants grown and overwintered in the open. 
Germinated seeds were s o w n in mid-October 1972 in 4 2 X 3 0 X 1 4 cm wooden boxes 
fi l led with black soil rich in humus . Each box contained 9 rows of 20 plants each. Of the nine 
varieties examined a different var i e ty was sown in each row in a random arrangement, generally 
in four series, i .e. in four boxes, repeated as many t imes as was necessary for all the variants . 
Two of the variet ies examined, Mironovskaya 808 and Bezostaya 1, were hardy winter wheat s ; 
Bezostaya 1 was the Hungarian standard at the t ime. Other characteristic varieties were the 
slightly hardy I ta l ian winter whea t Libellula, the French winter wheat Etoi le de Choisy which 
was approximately intermediate i n hardiness b e t w e e n Bezostaya I and Libellula, and two 
Mexican spring wheats , Penjamo 62 and Siete Lerros. 
About half the boxes (variants 1.2 and 1.4) were left in the o p e n and the other half 
(variants 1.1 and 1.3) were placed in three PGV phytotron units. Dif ferent autumn c l imat ic 
programmes were set up in each un i t for raising the plants. In the spirit of our phyto tron 
research strategy (RAJKI 1973) the climatic programmes (Fig. 5), which simulate nature, were 
constructed by our meteorologist colleagues (PLETSER 1973) to satisfy t h e needs of the experi-
ment and were based on meteorological data collected over 40 years. The programmes s imulated 
conditions beginning iu the first w e e k of September (S), October (O) or November ( N ) and 
each lasted 7 weeks . The daily r h y t h m of temperature and light in tens i ty for each week of 
one of the cl imatic programmes ( N ) can be seen in Fig. 6. 
The developmental stage of the shoot apex w a s determined at the end of raising for 
plants grown in the phytotron and at the end of the autumn for those raised in the open. 
Each of the S, О and N raising programmes was followed by a two-phase hardening 
period, the first phase of which w a s carried out in the PGV unit. The temperature f luc tuated 
daily between + 3 and —3°C,with an illumination intens i ty of 15,000 l u x for 21 hours. I m m e -
diately prior to freezing the second phase of hardening, lasting 4 days , was carried out in the 
G unit used for freezing. Iu this phase a temperature of —4 °C w a s programmed w i t h o u t 
illumination. 




























1 2 3 4 5 6 week 
thousand lux 50 33 24 19 
daylength hr 13ч 12 11 10'' 
40 19 14 10 
11ч 10ч 9Ч 9 
24 10 8 8 
9Ч g а 4 
Fig. 5. Temperature, light intens i ty and daylength for various programmes in the phytotron 
month Nov Nov 
week 1st 2 n d 
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Fig. 6. N climatic programme with the daily r h y t h m of weekly changing temperatures and 
light intensities 
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Of the b o x e s kept in the open , three sets of four boxes (variant 1.2) were brought in to 
the phytotron for freezing at the beginning of each of the months December (D), January (J) , 
February (F) and March (M), whi l e the remainder were left to overwinter in the open (vari-
ant 1.4). As required in the programme, one set of four boxes from each of the three raising 
programmes w a s taken out of the phytotron, so t h a t the plants could overwinter in the open 
(variant 1.3). 
Freezing w a s carried out a t -—6, —12 and — 1 8 °C after the second phase of hardening. 
First, the temperature in the С u n i t was programmed at -—6°C and three sets of boxes f rom 
each phytotron raising programme (variant 1.1) received frost treatment at this temperature 
for 24 hours. T h e frost treatment w a s continued on t w o sets from each programme at — 1 2 °C 
for a further 24 hours, and f inal ly on one set from each programme at —18°C, again for 24 
hours. The same procedure was carried out with t h e three sets of b o x e s brought into the 
phytotron each month from outs ide for freezing (variant 1.2). The changes in temperature 
during both freezing and thawing were made gradually. 
For thawing the boxes were k e p t at 0 J- 0.5 °C for 2 days, then the plants were pinched 
back to 1—1.5 c m above the soil a n d were put in a G B unit for recovery and regrowth. In this 
unit a temperature of 15—16 °C and a light intens i ty of 10,000 l u x were programmed for 
4 weeks. 
After this the number of surviving plants w a s determined. This w a s also done for the 
plants which were grown and overwintered in the open (variant 1.4) and for those which were 
raised in the phytotron and then p u t into the open for overwintering (variant 1.3). A t the 
same time the developmental s ta te of the growing t ip was again determined and the l ength 
of the main shoot was measured. 
The % survival data obtained in Experiment 1 for the various raising programmes are 
summarised in Table 1, from which the following conclusions can be drawn: 
Table 1 
% survival as a function of the method of raising, a f t e r freezing at —18 °C or overwintering 
in the open 
% s u r v i v a l 
R a i s i n g f rozen a t — 1 8 ° C 
Mir £ B e z 1 
o v e r w i n t e r e d in t h e o p e n 
M i r 8 0 8 B e z 1 
Climatic programme 
L S D ( 0 . 0 5 ) 
Brought in to the phytotron 
L S D ( 0 . 0 5 ) 
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a) For plants raised in the phytotron on various climatic programmes and overwintered 
in the open the highest % survival values for the two varieties presented was registered in 
the N raising programme. These values did not differ from those recorded for plants raised 
and overwintered in the open, which demonstrates the efficiency of the phytotron raising 
programme. 
b) The % survival of plants frozen in the phytotron at — 1 8 °C varied considerably, 
depending on the raising conditions. Of those grown in the phytotron those from the N pro-
gramme again gave the highest % survival values , but these were considerably lower than 
the % survival values of plants from the same raising programme overwintered in t h e open. 
This shows that —18 °C freezing in the phytotron exposed the plants to much more severe 
stress than was experienced in the open in the year in question. 
c) The % survival of plants brought into the phytotron at various times for freezing 
at —18 °C varied considerably depending on the t ime at which t h e y were brought in. The 
highest % survival values were registered for those frozen after being brought in at t h e begin-
ning of January. These values were similar to those obtained for plants raised in the bes t (N) 
phytotron programme and frozen at —18 °C. The % survival for p lants brought in for freezing 
at the beginning of December was considerably lower, followed b y those kept in t h e open 
until the beginning of February. Those kept in the open until the beginning of March were 
destroyed completely by freezing at —18 °C, which proves that in the year in quest ion the 
plants had practically lost their hardiness by the beginning of March. 
d) In plants which are just tillering the developmental stage of the growing t ip and 
the length of the main shoot at both measuring times, i.e. before freezing and four weeks 
after freezing, was identical both in plants brought in from the f ie ld in January and i n those 
raised in the phytotron on the N raising programme, and in these t w o treatments the growth 
and development of the plants after freezing was optimum, i.e. it was more favourable than 
in any other treatment. 
e) The trend of % survival values was identical in the two varieties presented. 
The frost resistance values of winter wheat 'p lants determined in this experiment by 
freezing them in successive winter months conf irm the data reported by DOBOFEEV et al. 
(1973), VINOGBADOVA (1976) and KOCH (1977), which indicate t h a t the frost resistance of 
plants is most pronounced in the middle of the winter. From then onwards, however , once 
the vernalisation period has finished (RAJKI 1960), the protection against frost damage 
acquired by hardening in late autumn and early winter gradually decreases and b y the end 
of winter or early spring it has practically disappeared. 
I have found no reference in the literature to any'other studies on the frost resistance 
of plants raised in phytotron programmes simulating different types of autumn climatic 
conditions. 
Experiment 2 
The aim of this experiment was to perfect the climatic programmes used for pre-harden-
ing growth and to shorten the testing time as m u c h as possible. The experiment w a s set up 
as per variant 1.1 of Experiment 1 (i.e. plants grown and frozen in the phytotron), w i th the 
only difference that besides the N programme which proved opt imum in Exper iment 1, 
a climatic programme ( 0 3 ) simulating conditions beginning in the 3rd week of October (the 
optimum sowing time for winter wheat in Hungary) was used for raising the plants . The 
programmes were carried out for either 6 weeks or 4 weeks (Fig. 7). The experimental data, 
which are in agreement with the results of several similar experiments, can be seen i n Table 2, 
from which the following conclusions can he drawn: 
a) The % survival values of plants raised for 6 weeks on climatic programme 0 3 (i.e. 
until they had tillered), then hardened, and frozen at —18 °C were better than those for plants 
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1 2 3 4 w e e k 
t h o u s a n d lux 2 8 2 4 17 
d a у l e n g t h hr 1 0 v ' 9 V 2 8 3 / t 
2 8 24 
10^ 91/2 
Fig. 7. Temperature, light intensity and daylength for various programmes in the phytotron 
Table 2 
% survival as a function of the method and duration of raising, after freezing at —18 °C 
Raising 
N o . of leaves 
b e f o r e freezing 
% survival 
m e t h o d 
durat ion 
weeks Mir 808 Bez 1 
6 3 92.1 68.0 
N (M15) 4 2 55.3 23.0 
Climatic programme 
O3 (M29) 6 
4 























LSD ( 0 .0 5 ) = 11.1 
raised for 7 weeks on the N programme which proved o p t i m u m in Experiment 1, then hardened, 
and frozen at —18 °C. 
b) Compared to the 6 week raising period, raising for only 4 weeks resulted in a signif-
i cant reduction in t h e % survival. 
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с) Consequently, when using the opt imum 0 3 climatic programme, the raising period 
prior to hardening and freezing could he reduced from 7 to 6 weeks . 
The results of these experiments are basically the same as those reported b y TRUNOVA 
(1967), who reported that the hardening of winter wheat p lants was less effect ive at the 
2—3 leaf stage than at the tillering stage, and by FREYMAN (1978), who found that after 
suitable hardening the frost resistance of 4 week old plants was better than that of 2-week -
old plants. 
Experiment 3 
In many cases the importance of raising prior to hardening and freezing in the correct 
testing of frost resistance is under-estimated, which means tha t over-simplified climatic 
programmes (e.g. constant day and night temperatures or e v e n programmes "simulating" 
spring climatic conditions) are often used. The following experiment, which included three 
raising methods and four treatments for the first phase of hardening, was designed to in-
vestigate this. 
In addition to the 0 3 climatic programme, which has been used for raising in our frost 
resistance tests for a number of years, a simulated spring c l imatic programme w a s set up, 
in which the temperature and light intensity changed according to a daily rhy thm and in-
creased each week, together wi th the daylength. The extreme values of day/night temperatures 
in the first week were 12.5 and 5.5 °C and in the sixth week 21.0 and 11.5 °C, while the day-
length increased from 13 1/4 to 15 1/4 hours and the light intens i ty from 35,000 to 37,000 lux. 
The third raising programme can be called intermediate, as i t consisted throughout the six 
weeks of day/night temperatures of 15° /7 °C , a daylength of 12 hours and a l ight intensity 
of 25,000 lux. 
The parameters of the treatments for the first phase of hardening are summarised 
below. 
Climatic fac tors 
Hardening p r o g r a m m e s 
H , 1 H , H , 1 H , 
Temperature 
Daylength, hours 
Light intensity, lux 







The following important conclusions can be drawn from Table 3, which summarises 
the results of Experiment 3. 
a ) As expected, in the development of frost resistance the 0 3 raising programme and 
the H j hardening treatment, i.e. here too that which is normally used, proved optimum. 
b) Under less favourable technical conditions, where i t is not possible to programme 
sub-zero temperatures combined with high l ight intensity, the H 4 hardening programme may 
prove useful. 
I t is interesting to note that the growing tips of p lants from the varieties included 
in Table 3 were at stages 1—2 (on the Kuperman scale) at the end of all three raising pro-
grammes, but compared to the plants raised on the 0 3 climatic programme, the length of the 
growing tip was three t imes as long in the intermediate programme and four t imes as long 
in the spring programme, though they were still far shorter t h a n those of the spring wheats 
examined in the experiment. 
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Table 3 
% survival as a function of the method of raising and the first phase of hardening, 
after freezing at —15 °C 
Climatic programme for hardening 
C l ima t i c programme 
fo r raising H , H , H , H, 
Mir 808 Bez 1 Mir 808 Bez 1 Mir 808 Bez 1 Mir 808 Bez 1 
O3 97.4 90.8 98.7 80.5 86.1 39.1 83.5 80.0 
Intermediate 86.2 67.6 17.6 5.0 5.3 1.3 67.0 27.8 
Spring 48.0 4.1 14.1 3.8 2.5 0 47.5 2.5 
(l) H, H, H. 
Means of (2) 0 , In t . Spr ing LSDit-es) 
(3) Mir 808 Bez 1 
Hardenings (1) 65.6 36.5 22.3 51.1 9.4 
Programmes (2) 81 .9 34.7 15.0 8.2 
Varieties (3) 54 .3 33.5 6.7 
Experiment 4 
The aim of this experiment was t o determine whether the omission of the second phase 
of hardening reduced the development of frost resistance, and if so, to what ex tent . The plants 
were actually frozen a t four temperatures (—6, — 1 2 , — 1 5 and —18 °C) b u t only the % sur-
v iva l values obtained after freezing at — 1 8 °C are presented in Table 4. The following con-
clusions can be drawn from the experiment: 
a) Frost resistant varieties (Mironovskaya 808, Bezostaya 1) responded positively 
to t h e second phase of hardening. 
Table 4 
% survival as a function of the second phase 
of hardening, after raising 
on climatic programme 03 and freezing at —18 °C 




wi thou t the 
second phase 
Mir 808 92.5 76.3 
Bez 1 91.3 66.3 
Etoile de Choisy 3.8 0.0 
LSD (0 0 5 ) = 9.6 
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b) When freezing was carried out at temperatures above—15 °C there was no significant 
difference in % survival between those which were exposed to the second phase of hardening 
and those which were not. 
In discussing Experiments 3 and 4 it should be observed that the adequate c l imatic 
programmes used b y various authors (POMEROY et al. 1975, GUSTA—FOWLER 1976, 1977,  
FREYMAN 1978, etc.) for testing the frost resistance of winter wheat plants raised and hardened 
in the phytotron are very varied, so i t is almost impossible, quite apart from the differences 
in the varieties examined, to compare their results wi th those obtained in the present experi-
ments. The latter indicate, however, that the quality of the raising and hardening is of funda-
mental importance in the development of frost resistance, and that the phytotronic s imulation 
of autumn and early winter climatic conditions proved to have the most favourable e f fect 
o n the development of frost resistance. 
Experiment 5 
When freezing winter and spring wheat varieties at various temperatures after raising 
and hardening under the conditions optimum in the phytotron, the % survival values pre-
sented in Table 5 were obtained. These lead to the following conclusions. 
a) When freezing at —6 °C there was practically no difference between frost res istant 
and frost sensitive varieties. 
b) A temperature o f — 1 8 °C was only withstood with minimum loss by the most frost 
resistant winter wheat variety, Mironovskaya 808, while all the plants of Sava winter whea t , 
which is slightly frost resistant under Hungarian conditions, were destroyed, as were those 
of the spring wheat Siete Cerros. 
c) Freezing at —15 °C proved optimum for differentiating the varieties found in H u n g a r y 
with respect to frost resistance, as at this temperature the spring wheats were complete ly 
destroyed, while a small percentage of plants from sl ightly frost resistant winter wheat variet ies 
survived freezing, so the scale of frost resistance was the most accurate in this case. 
Table 5 
% survival as a function of freezing temperature, 
after raising on climatic programme 03 
% survival a f te r freezing a t 
Variety —12 - i s —18 
°C 
Mir 808 100.0 92.5 94.9 92.5 
Bánkúti 1201 92.3 70.3 47.5 28.8 
Etoile de Choisy 97.4 59.0 12.7 3.8 
Sava 93.7 63.7 17.5 0.0 
Siete Cerros 93.8 0.0 0.0 0.0 
LSD ( 0 . 0 5 ) = 8.8 
Experiment 6 
A comparison was made of the % survival values of plants kept in the open during 
the autumn and for part of the winter, then brought into the phytotron for freezing once 
a month from the beginning of December to the beginning of March in 1972/73 and 1977/78. 
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In both years the % survival values after freezing at —18 °C are presented, as freezing was 
not carried o u t at —15°C in 1972/73. Certain meteorological parameters for the two years 
are demonstrated in Figs 8 and 9. The % survival values are summarised according to years 
and varieties i n Table 6, from which the following conclusions can be drawn: 
a) In each treatment and each variety the % survival values in 1977/78 are consistently 
higher than in 1972/73, which can be explained b y the fact that the autumn meteorological 
Table 6 
% survival as a function of the year; plants grown outside and frozen in the phytotron at —18 °C 
Plan t s g r o w n outside till 
Mir 808 Bez 1 Etoile de Choisy Libellula 
72/73 77/78 72/73 77/78 72/73 77/78 72/73 77/78 
December (D) 3 2 . 4 5 9 . 5 4 9 . 4 4 1 . 8 0 . 0 0 . 0 0 . 0 0 . 0 
January (J) 6 0 . 0 9 2 . 4 5 6 . 4 7 8 . 5 1 0 . 0 1 8 . 4 0 . 0 2 . 5 
February (F) 2 3 . 2 8 8 . 0 2 8 . 5 7 0 . 5 3 . 9 1 2 . 8 2 . 5 1 4 . 1 
March (M) 0 . 0 8 . 9 0 . 0 2 . 5 0 . 0 1 . 3 0 . 0 0 . 0 
L S D ( 0 . 0 6 ) = 1 4 . 8 
conditions differed to a certain extent in the two years, i.e. by the fact that the growth and 
development of the plants, in particular the hardening, took place under these differing 
conditions. 
b) The loss of hardiness progressed at a slower rate in 1977/78 than in 1972/73, as can 
be seen by a comparison of the % survival values in the February and March freezings. Where-
as in the March of 1972/73 all the plants of all four varieties were destroyed by freezing, in 
the March of 1977/78 a small percentage of plants survived freezing in three of the four vari-
eties. In 1977/78 the reduction in the % survival in February compared to the January values 
was also less t h a n in 1972/73. 
Data o n the frost resistance of the same varieties in different years were publ ished 
by BARASHKOVA et al. (1976). The values of frost resistance for the different years vary , but 
the order of magni tude for the varieties is in agreement with the results given here. 
Experiment 7 
The phenomenon of rehardening at the end of winter was mos t apparent in the March 
of 1972/73. This is illustrated b y Table 7, from w h i c h it can be seen that: 
Table 7 
% survival of plants grown outside and frozen in the phytotron at —6 °C. 1972/73 
V a r i e t y 
P l a n t s grown outside till ear ly 
December J a n u a r y February March 
Mir 808 8 6 . 3 9 1 . 8 8 2 . 7 9 4 . 7 
Bez 1 90.0 8 8 . 5 6 5 . 8 8 4 . 7 
Etoile de Choisy 91.0 59.0 4 7 . 5 8 2 . 7 
L S D ( 0 . 0 6 ) = 15.8 
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e j in all three winter wheat varieties presented, the % survival values in February-
were much lower than in January (dehardening), but in March a considerable improvement 
was found compared to February and in two of the three varieties, including the sl ightly 
to medium frost resistant Etoile de Choisy, this increase was significant (rehardening). 
September October November December January February March 
monthly
 4 0 6 
precipitation 2 7 . 0 57.4 
1.3 22.6 24.9 7.0 
sunshine hours 156-0 127.1 66.3 44.8 31.9 82.0 135.0 
Fig. 8. Meteorological data for 1972—1973 
soi l temp 
at 5 cm 
September October November December January February March 
monthly 2 8 $ 
precipitation 
12.7 57.4 15.6 18.9 3 8 . 9 20.5 
sunshine hours 168.1 134.5 69.9 17.9 41.6 4 6 . 6 140.1 
Fig. 9. Meteorological data for 1977—1978 
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b) rehardening may be important in reducing the plant destruction caused by recurring 
frosts at the end of winter or in early spring. 
The phenomenon of rehardening has been described by several authors (ANDREWS 
el al. 1974, FOWLER—GUSTA 1977, GUSTA—FOWLER 1976, etc.). The results presented b y 
Andrews and co-workers, for example , differ from those of the present experiments in that 
t h e Canadian authors found the greatest degree of rehardening in the most frost resistant 
wheats, while here the rehardening was most pronounced in the sl ightly to medium frost 
resistant variety. 
Table 8 
% survival during recovery and fiS values; plants grown and frozen at —18 °C in the phytotron 
Var ie ty 1 
% surv iva l 




weeks a f t e r freezing 
Mir 808 100.0 94.5 91.7 86.3 5.65 
Bez 1 95.9 89.3 86.6 85.4 7.87 
Kavkaz 98.7 93.3 91.9 86.4 6.10 
F 293 93.7 79.7 70.7 68.2 8.67 
В 1201 92.1 69.7 61.8 56.6 9.67 
Etoile de Choisy 73.3 35.1 24.2 22.9 • 9.20 
Sava 73.4 20.9 18.2 16.9 13.69 
Libellula 64.6 22.9 8.9 7.6 13.01 
Siete Cerros 19.7 0.0 0.0 0.0 19.30 
L S D ( 0 0 5 ) = 1 6 . 5 1 . 8 7 
Table 9 
survival of 10 winter wheat varieties, grown in the climatic programme 0 3 , frozen at —15 °C 
V a r i e t y 
% survival 
1 9 7 5 1 9 7 6 1 9 7 7 X 
Mir 808 97.4 93.7 80.0 90.4 
Yub 50 91.4 92.4 80.0 87.9 
Bez 1 80.0 97.4 57.7 78.4 
Mv 1 81.2 87.3 83.5 84.0 
Mv 4 90.0 95.9 79.8 88.6 
Mv 5 77.2 98.7 86.2 87.4 
GK 3 68.5 69.7 82.3 73.5 
Partizanka 84.8 78.2 68.8 77.3 
Sava 33.3 10.4 35.1 26.3 
Libellula 30.0 2.6 8.9 13.8 
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Experiment 8 
As can be seen in the description of Experiment 1, recovery and regrowth after freezing 
originally took four weeks. In order to reduce the length of the frost resistance test, investiga-
tions have since been made to discover whether recovery and regrowth and the relevant p lant 
counts can be carried out in less than 4 weeks. In addition, studies were made to determine 
whether the whole procedure could be replaced by the measurement of electrical conduct ivi ty 
(DEXTEB 1956, JENKINS—ROFFEY 1974) directly after thawing. For this purpose, the first 
leaf of some of the plants was cut off before the leaves were pinched back and the electrical 
conductivity determined with a Conductivity meter (OK 102/1, Radelkis) was expressed in 
micro-Siemens ( f i S ) . The results of Experiment 8 are summarised in Table 8, from which 
the following conclusions can be drawn: 
a) Data from plant counts carried out in the 2nd and 3rd week of recovery and re-
growth show that the number of plants which had survived freezing hardly decreased in the 
third week as compared to the second, so the recovery and regrowth period in the frost resis-
tance tests was reduced to three weeks. 
b) It could be seen from the measurements of electrical conduct ivi ty that the m e t h o d 
is only suitable for differentiating varieties with widely different frost resistance, for the 
preliminary evaluation of frost resistance, or for sifting out varieties wi th weak frost resistance. 
JENKINS—ROFFEY (1974) give a similar opinion of the util ity of electrical conduct iv i ty 
measurements. 
Experiment 9 
The % survival values for a collection of winter wheats which are important in Hungary , 
measured using the method developed at Martonvásár and already used for a number of 
years to test the frost resistance of wheat varieties, experimental hybrids and lines, are sum-
marised in Table 9, from which the following conclusions can be drawn. 
a) The frost resistance of the majority of the winter wheat varieties examined was 
good or excellent, and there was less variation over the years in the frost resistance of these 
varieties than in that of only slightly frost resistant varieties. 
b) The varieties Sava and Libellula, shown by the frost resistance test to be only 
slightly frost resistant, together with other slightly frost resistant winter wheat varieties, are 
among those which, during the winter of 1978/79 (a winter described by the meteorologists 
as less severe than average, but nevertheless harder than the Mediterranean winters experi-
enced in Hungary over the last decade), were destroyed so completely over considerable areas 
that the farms were obliged to plough them out and replant the fields wi th spring crops. These 
varieties were also responsible for the significant areas where the destruction was less drastic 
and where the farms endeavoured to save the crop by overplanting with spring cereals. 
Experiment 10 
An attempt was made to reproduce in the phytotron the ef fect of a temporary thaw 
towards the end of winter, followed by another frost, on young plants of wheat varieties wi th 
different degrees of frost resistance. 
The plants were raised on climatic programme 0 3 for six weeks, after which t h e y were 
subjected to the usual hardening and to freezing at —15 °C. Following this, the control plants 
were thawed out and the frost resistance was determined on the basis of regrowth values. 
The remaining, experimental plants were divided into two groups, which were exposed 
to different "temporary late-winter thaw" programmes. For the f irst group this consisted 
of the temperatures used in the first phase of hardening, i.e. 3 °C during the day and — 3 °C 
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Table 10 
% survival as a function of the second freezing following temporary late-winter 
thaw reproduced in the phytotron; raising: on climatic programme 0 3 , f i r s t 
freezing at —15 "C, second freezing at —7.5 °C 
Variet ies 
% survival 
a f t e r f reezing a t —15 °C 
p l u s thawing o u t 
a n d regrowth: 
control 
p lus thawing 
corresponding to t h e 1st p lus special 
p h a s e of the usual thawing 
hardening 
fo l lowed b y second freezing a t —7.5 °C, e tc . 
Mir 808 92.3 86.3 81.3 
Bez 1 88.8 76.3 49.0 
Etoile de Choisy 43.8 15.0 3.8 
Sava 21.9 7.5 5.0 
Libellula 5.0 3.8 1.3 
LSD ( o . o s ) = 17.6 
a t night for a w e e k , with 21 hour illumination and 15,000 lux light intensity. For the second 
group a day temperature of 7 °C and a night temperature of 2 °C was programmed, with 10 hours 
of illumination a t a light intensity of 15,000 lux. 
For both groups of experimental plants refreezing was carried out at —7.5 °C, begin-
ning with the second stage of hardening, as in all the freezing treatments. Here, too, this w a s 
followed by t h a w i n g out and the determination of frost resistance on the basis of regrowth 
values. 
The experimental results (Table 10) show tha t wheat varieties with various degrees 
of frost resistance respond differently to a second freezing after the temporary late-winter 
t h a w reproduced in the phytotron. 
a) The m o s t frost resistant variety examined, Mironovskaya 808, showed no response 
t o a second freezing following the late-winter thaw. 
b) When frozen after a thaw corresponding to a repetition of the first phase of harden-
ing, Bezostaya 1 maintained its excel lent frost resistance, but freezing after the special thawing 
programme considerably reduced the frost resistance. Thus, the f irst phase of the second 
hardening represented rehardening, while the special thaw caused dehardening. 
c) The frost resistance of Eto i l e de Choisy, wh ich has weak to medium frost resistance, 
and in particular that of Sava and Lihellula, which have poor frost resistance, was reduced 
to a minimum b y both thawing treatments. 
Final discussion and conclusions 
It is suf f ic ient to cast a g lance at Fig. 10, which shows the mean winter temperatures 
for the last 198 years , to observe t h a t the mean winter temperature for the first 9 years of 
the seventies w a s t h e warmest ye t i n Hungary, compared to all the rest of the decade averages. 
This means that if the determination of the frost resistance of the winter wheat breeding stock 
had been left to selection by natural exposure in the f ie ld the nurseries would he full of lines, 
experimental hybr ids and varieties wi th poor frost resistance. The widespread use of slightly 
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°c 
Fig. 10. Winter (Dec. Jan. Feb.) m e a n temperatures (1781—1979) 
frost resistant sources of dwarfness in the production of modern wheat types which are resis-
tant to lodging and which assimilate economically, i .e. with favourable harvest indices, has 
also led to the accumulation of breeding material w i t h weak frost resistance. 
Consequently, the significance, primarily from a breeding point of view, of the develop-
ment of a phytotron method for testing frost resistance and the continual use of this m e t h o d 
at Martonvásár over the last 7 years is virtually immeasurable. 
The cl imatic programmes for the preparation and raising of plants for freezing s imulate 
nature as near to perfectly as is possible with the technical facilities available in the phytotron. 
Without these climatic programmes, which provide an environment favourable for the growth 
and development of the plant, i t would be virtually impossible to test breeding stock for frost 
resistance reliably, consistently and independently of the external weather conditions. 
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G . F A R K A S : Növényi biokémia (Phytobio-
chemistry). Akadémiai K i a d ó , Budapest , 
1978, 404. 
A m o n g this year's sc ient i f ic publications 
on the Hungarian book m a r k e t one of the 
most sought after and m o s t successful works 
was Farkas's Phytobiochemistry . It sold out 
so quickly after publication that it is n o w 
on the request list in the b o o k shops. 
The author needs no introduction: he is 
the director of the Plant Phys io logy Inst i tute 
of the Szeged Biological Centre of the Hungar-
ian A c a d e m y of Sciences, a researcher well 
known b o t h at home and abroad for several 
decades through his work a n d results in the 
field of the metabolism bio logy of plants. 
"Phytobiochemistry" is a revised edition of 
the author's work " N ö v é n y i anyagcsereélet-
tan" (Metabolism biology of plants), which 
was published in 1968. Th i s first book, an 
excellent source of informat ion , has been 
worn o u t from much use over the last t en 
years. I n addition, certain parts of the book 
have in the meantime b e c o m e outdated. As 
the author writes in the preface, "Ten years 
have elapsed since the publication of the 
'Metabolism biology of plants ' . At the rate 
at which biology is developing at present this 
is a long t ime; more t h a n the 'half-life' of 
a book. A new edition m u s t reflect the pro-
gress m a d e both in factual knowledge and in 
our approach to the subject" . In addition to 
this, more and more use is being made in 
plant phys io logy of the m o s t up-to-date bio-
chemical methods, tha t h a v e rendered i t 
possible t o attain the recent results. Thus , 
the publ icat ion of a rev ised edition of this 
work was a very pressing need. 
The new edi t ion has been g iven a different 
title, for which t h e Author, referring to what 
has been said above , gives the following 
reasons: "All th i s gradually washes away the 
artificial borders between 'metabol ism bio-
logy', 'deve lopment biology' and biochemis-
try. It no longer makes sense to publ ish a new 
edition of a separate 'Metabolism biology of 
plants', at l eas t according to the classic use 
of the word. D u e to the increasing prevalence 
of biochemical not ions and methods the book 
was given the t i t le 'Phytobiochemistry' ." 
The structure of the first book , i.e. the 
logical order of the material, has been left 
largely unchanged; in many places, however, 
older knowledge has been replaced by new. 
FARKAS UAAOR 
. . . . . . . . . , 
N Ö V É N Y I BIOKÉMIA 
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E v e n in the relat ively unchanged chapters 
a certain amount of regrouping and innova-
t i o n has taken place. The aim of the n e w work 
is not only to freshen up the material but 
also, like the old, t o offer the reader a more 
or less clarified v iew. It thus neglects the 
historical angle, and concentrates o n sum-
marizing the present knowledge of metabol ic 
phenomena in plants . However, cons tant 
reference is made to problems as yet unso lved 
a n d to those which are expected to be sett led 
in the near future. 
The characteristic features which l ent an 
outstanding value and a unique profile to the 
earlier book are manifes t even more strongly 
in "Phytobiochemistry". 
Although the material of the book cannot 
be separated from biochemistry in general, i t 
is nevertheless emphatically plant bio-
chemistry. The metabol ic processes w h i c h are 
identical and of equal importance in animal , 
bacterial and vegetable systems are brief ly 
discussed by the Author , who also po ints out 
h o w the functioning of these life processes 
has been proved in plants. The book is made 
qu i t e exciting by the comparative v i ew wi th 
w h i c h the Author discusses the similar and 
divergent characteristics of animal and 
vegetable metabolism. In this type of discus-
s ion the emphasis is always laid on the plants , 
and in some chapters certain phenomena 
speci f ic to plant physiology are dealt with. 
Another characteristic feature of the book 
is t h a t unlike the usual manuals not on ly are 
t h e facts presented, but also their experi-
menta l proofs and the way in which the con-
clusions were reached. In this way the reader 
becomes acquainted with the up-to-date 
methodology which forms the basis of p lant 
physiology research today, and since the 
experimental evidence is given the conclu-
s ions can also be more clearly followed. This 
t y p e of discussion makes the reader v irtual ly 
a participant in the creative work of research, 
and necessarily results iu a strengthening of 
t h e biochemical way of looking at the subject . 
" I think this way of treating the subject can 
g ive something more lasting than a mere 
knowledge of the material , however necessary 
t h a t may be", the Author says. 
The methodological sections and the 
minor details of the individual subjects are 
given in smaller print and are marked with 
a line in the margin. These parts, though not 
indispensable for understanding the essentials 
of the individual metabolic processes, deepen 
the reader's knowledge and greatly influence 
his way of thinking. 
The biochemistry of the metabolic pro-
cesses of plants is discussed in nine chapters. 
I. Photosynthesis. This chapter is one of 
those which is most thoroughly revised com-
pared to the material of the f irst book. In the 
biochemistry of chlorophylls only minor 
changes are found, while a description of the 
electron transport chain has been added to 
the photosynthesis of bacteria. The following 
subjects, on the other hand, have been con-
siderably revised: the biosynthesis of chloro-
phylls, the accessory pigments , the uptake of 
light energy, and the Calvin-cycle, the C3-
pathway of C02 f ixation; the rest of the 
chapter has been almost complete ly rewritten 
and presents new data. These sections include 
the structural aspects of photosynthesis , the 
transformation of light energy into chemical 
energy, and the reduction of carbon dioxide. 
The new results achieved in investigations on 
the energetic background of photophosphory-
lation, the C4-pathway of C0 2 f ixation, 
photorespiration and the photosynthetic 
ATP formation of Halobacteria justified the 
insertion of new subchapters. 
II. Respiration. The development in our 
knowledge of the respirative metabolism has 
been restricted to minor detai ls over the past 
ten years. Accordingly, the Author has left 
the original text practically unchanged apart 
from occasional condensations and minor 
additions. The treatment of the glyoxalate-
cycle has been brought up to date, and the 
sections on the mitochondrial electron trans-
port chain and its components , and on the 
mechanism of oxidative phosphorylation have 
been revised; the discussion of cyanide 
resistant respiration opens up quite new 
vistas. 
III . Metabolism of lipoids. In recent years 
the research on lipids has y ie lded particularly 
outstanding results. This is duly reflected in 
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Furkas's book: the chapter is quite different 
to that in the first hook. The sections on 
lipoids and cell membranes have mostly been 
rewritten, und the mechanism of ^-oxidation 
in saturated and unsaturated fatty acids, 
a new type of a-oxidation, and the biosyn-
thesis of lipoids appear in new formulations. 
Finally, a good comprehensive view is offered 
of the hiosynthetic pathways of vegetal 
lipids. 
IV. Research oil Nitrogen and sulphur 
autotrophy, and in particular on the fixation 
of atmospheric nitrogen has made great 
progress lately, due in large part to the prac-
tical importance of these subjects. The Author 
has, accordingly, considerably revised the 
material of symbiotic and asymbiotic nitro-
gen f ixation. A completely new formulation 
was required to describe the mechanism of 
sulphate reduction and the biochemistry of 
nitrogen f ixat ion. 
V. The chapter oil the Metabolism of 
amino acids has not changed much, due to 
the lack of new results of major importance. 
New data are found mostly in the section 
dealing with the biosynthesis of amino acids, 
particularly with regard to the serine, aspa-
ragine and glutamine families. In connection 
with the metabolism of carbamide, the modi-
fication of the carbamide cycle in accordance 
with the characteristics of plants contributes 
to the emphasis on plant specificities. 
VI. Much the same can be said about the 
chapter on the Metabolism of nucleotides as 
was said of the former chapter. Adjustments, 
abridgements and revisions have taken place 
in both subchapters, particularly in connec-
tion with the biosynthesis of purine and pyri-
midine and with the decomposition of mono-
nucleotides. 
VII. Nucleic acid metabolism. As in the 
case of a number of other chapters, the ex-
plosive development of our knowledge on 
nucleic acids made a totally new formulation 
necessary in this chapter. 
It also had to be taken into consideration 
that, despite a certain time-lag, the results 
of investigations on the nucleic acids of 
plants are gradually reaching the level attain-
ed with microbial materials and animal tis-
sues. It is due to this fact that the material 
presented in the hook on this subject is 
mostly new and is of a much more "vegetal 
character" than it was before. It is also 
noticeable that in this new edition much more 
data on eukaryotes is to lie found. The chapter 
contains interesting new information con-
cerning the structures of various types of 
1)NA and RNA, their occurrence, synthesis 
and decomposition. The treatment of ribo-
sonies has undergone less alteration. 
VIII. Protein metabolism. The rapid rate 
of progress in the research on proteins, in-
cluding vegetable proteins, is shown liy the 
material of this revised chapter. Many parts 
have been greatly modernized compared to 
the former book, and the subchapters on the 
biochemical mechanism of protein synthesis, 
the control of protein synthesis, and the de-
composition of proteins have been completely 
rewritten. Excit ing problems of p lant devel-
opment are touched upon in the last section, 
which, when discussing certain special aspects 
of nucleic acid and protein metabolism in 
higher plants, steps at times beyond the 
limits of the chapter. 
IX. Secondary metabolic products. This 
chapter deals with the biosynthesis of aromat-
ic compounds and alkaloids very concisely, 
and supplies disproportionately l itt le infor-
mation compared to the former chapters. 
Considering the intensive research and prac-
tical importance of these products a some-
what more detailed discussion would he 
desirable. 
The discussion of vegetable metabolism is 
hardly complete without a description of the 
biochemistry of mineral nutrition. Since the 
uptake and incorporation of nutrients are of 
fundamental importance in the life of the 
plant and are the preconditions for other 
metabolic processes, the biochemical side of 
these problems ought to have been summar-
ized in a separate chapter, particularly as 
enormous progress has also been made in 
research connected with ion uptake. 
The book sums up the achievements of 
basic research, as i t aims to do. However, 
basic research in plant physiology at present 
and in the near future has important prac-
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t ical objectives too. The absence of references 
to these is a deficiency of the book, as they 
would definitely increase the interest and 
widen the horizon of the reader. 
The structure of the hook, the construc-
t ion of the chapters and the sequence of ideas 
in them arc extremely logical. The clear, con-
cise and stylistically pure mode of expression 
deserves spécial ment ion. The absence of un-
necessary foreign words in the t ex t is wel-
come, since their use in Hungarian scientific 
language is reaching worrying proportions. 
As regards its contents , style of discussion 
and size Farkas's hook satisfies various de-
mands. It is an excel lent manual for plant 
physiologists, a useful guide for I lie extension 
training of biology teachers, and will he very 
useful as a text-hook iu higher education, 
particularly as there are no university text-
hooks or lecture notes available on this 
subject . 
At the rate at which biology is developing 
at present hooks on this subject are increas-
ing ly exposed to the danger of quickly be-
coming out-dated. Therefore, in order to 
speed up publication the hook was prepared 
f rom a typewritten t e x t using a photographic 
technique. This has the advantage of con-
siderably shortening the time required for 
publication, and results in a well-arranged, 
easy-to-read format. I t is a pity that photo-
graphs cannot be published with this tech-
nique, hut even so the illustrations of the 
hook are very good. The 183 figures, which 
are mostly new, present chemical reactions, 
diagrams and didactically constructed models 
of the course of various metabolic processes 
and of their correlations. The figures are much 
clearer and more expressive than in the for-
mer work, and t h e y and the 32 tables are 
of great assistance in understanding and 
memorising the material . 
The revision of the contents and the 
desire to propagate the most up-to-date 
knowledge and ideas on the subject are also 
clear from the literary references. The revision 
w a s made using the material of f i f t y hooks 
and manuals on plant physiology, bio-
chemistry and genetics published between 
1975 and 1977 in English and Russian. 
The publication of the long-awaited 
"Phytobiochemistry" is very welcome. It is 
a book that excites the interest, holds the 
attention and encourages further study and 
work. 
M . V A R G A 
Soil Biology ami Conservai ion of the Biosphere. 
Akadémiai Kiadó, Budapest , 1977 
The title of I he lmok published under the 
editorship of J. Szegi is the same as that of 
the V l l t h Scientific Session on Soil Biology 
held by the Soil Biology Section of the 
Society of Soil Science at the University of 
Agricultural Sciences, Keszthely, on 2 4 th 
September 1975. The hook (424 pages with 
29 photos , 147 figures and 137 tables) pres-
ents the texts of the lectures delivered at the 
meeting by 21 Hungarian and 31 foreign 
experts from 13 countries (Bulgaria, Canada, 
Chile, Cuba, Czechoslovakia, Egypt, France, 
German Democratic Republic, German Fede-
ral Republic, Poland, Romania, Soviet 
Union, Spain) in a clear and attractive 
arrangement. 
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The lectures delivered in the three sec-
tions of the Scientific Session are treated in 
six chapters. The present review cannot hope 
to give full particulars of a book which con-
tains mostly new statements made b y a 
number of experts on the basis of their in-
vestigations. But i t can definitely be said 
that the book will be an extremely great help 
to those engaged in research on soil biology, 
since i t contains useful information concern-
ing the role of microorganisms in the soil. 
The subject of the Scientific Session, and 
thus that of the book, deserves at tent ion not 
only from the point of view of soil biology, 
but also from that of environmental protec-
tion. 
The first chapter of the hook gives the 
texts of lectures dealing with the interaction 
between the chemicals used in agriculture 
and the microorganisms of the soil. The 
1.3 publications by .30 authors to be found 
in this chapter contain several s ta tements 
which throw a new light upon the relation 
of chemicals and microorganisms. As regards 
the conservation of the biosphere, i t is a 
thought-provoking observation that the 
genetic structure of Rhizobium populations 
studied over 50 generations in a model experi-
ment changed and the number of m u t a n t s 
increased as a response to pesticide applica-
tion. Very interesting are the results of experi-
ments concerning the microbial decomposi-
tion of various herbicides in the soil. Accord-
ing to the investigations species belonging 
to the genera Fusarium and Pénicillium take 
part in the décomposition of alachlorine, 
alidochlorine and propachlorine. 
The rate of decomposition of fungicides 
varies with the soil type , and also differs in 
natural and artificial ecosystems. A complete-
ly new aspect of the relation between herbi-
cides and soil microorganisms was elucidated 
by experiments in which the interaction was 
studied when different rates of fertilization 
were applied; the inhibition of the micro-
organisms by the herbicides was found to 
decrease under such conditions. 
Particular attention should he paid to 
certain research results published in the book 
which are of importance for practical farmers 
from the point of view of pesticide utilization. 
For example , diazinon was found to be applic-
able without any danger of accumulation, 
while Hungazin PK or i ts decomposition 
product remain active in the soil for a long 
time and may thus cause problems for envi-
ronmental protection. Herbicides containing 
nitraline or trifluraline as active agent were 
found to have a temporary toxic effect o n 
bacteria, particularly on Rhizobia. According 
to the investigations the pesticides inhibit 
the growth of Rhizobium leguminosarum in 
the order insecticide—fungicide—herbicide. 
Experiments aimed at examining the pos-
sibilities of a combined application of various 
fungicides and the Rhizobium inoculation 
used in soybean are also of great importance. 
The results of the examinations show that 
Quinolate V-4x strongly inhibits the growth 
of Rhizobium japonicum and the formation 
of root nodules, hut does not cause yieltl 
reduction, while Orthocid 50 WP has a dif-
ferent, almost opposite effect . Rhizobium 
species isolated from the root nodules of 
various papilionaceous plants (bean, lentil) 
show nearly equal sensit ivity to certain in-
secticides (e.g. Dipterex), while they arc 
sensitive to fungicides to different degrees. 
The second chaptcr of the book contains 
the t ex t s of 9 lectures b y 14 authors under 
the tit le: the role of soil microorganisms in 
the transformation of plant nutrients. In the 
fourth chapter 14 lectures by a further 
22 authors are to be found wi th the title: the 
role of soil microorganisms in the decomposi-
tion of plant residues. Not only the similarity 
between the titles of the t w o chapters b u t 
also that of their contents would have made 
it reasonable to combine them. This remark 
does not reduce the value of the publications, 
the author's merit or the importance and 
usefulness of the book, b u t i t would have 
made the book still easier to survey if these 
chapters, which in my opinion are closely 
related, had been arranged in immediate 
succession. 
The publications in these two chapters 
give a good demonstration of the rapid 
progress made in the field of research on the 
microbiology of the soil. The papers clearly 
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represent the transformation of research 
results into a productive force, and the fact 
that microbiological studies also help to in-
crease production. Most of the publications 
presented here contain results important not 
only from a theoretical but also from a prac-
tical point of view. Parallel w i th an increase 
in the activity of microorganisms and the 
intensity of microbiological processes the 
researchers observed considerable changes in 
production results as well. This favourable 
effect may be related with the capacity of 
the microflora living in the rhizosphere to 
produce growth substances. According to one 
of the publications in the chapter 87% of the 
bacteria isolated from the rhizosphere of 
wheat showed a stimulative effect: 62% of 
them stimulated germination and the devel-
opment of the foliage, while 25% stimulated 
root formation. 
Chapter III deals with the question of 
interactions between bacteria living in the 
root nodules (Rhizobia) and papilionaceous 
plants. From one of the publications the 
reader may become well acquainted with the 
procedure by which Rhizobium preparations 
are produced in Hungary. The question arises 
of whether Rhizobium cultures will be able 
to keep abreast of the ever increasing appli-
cation of chemicals, or will he eliminated from 
the soil hy a process of selection. Great in-
terest may be aroused by the results of in-
vestigations concerning the production of 
v i t a m i n В i 2 b y Rhizobium leguminosarum, 
and hy the electro- and coelectrophoresis 
methods of identifying Rhizobium species. 
The B12 production of Rhizobium leguminosa-
rum is in close correlation w i t h the N2-binding 
ability of the strain, and both properties are 
influenced by the activity, origin (soil type) 
and age of the culture. Studies on the efficien-
cy of Rhizobium inoculation in the soya 
varieties introduced within the framework of 
the Hungarian soya programme are primarily 
important from a practical point of view. 
The f i f th chapter of the book discusses 
soil microorganisms as components in the 
ecosystem of the soil, while Chapter VI deals 
with the role played by microorganisms in 
the processes taking place in the soil. The 
publications in these two chapters mostly 
present the results of investigations on the 
ecology of soil microorganisms. Some of the 
publications contain recent results in con-
nection with the influence of soil micro-
organisms on soil formation and soil fertility. 
The demands m a d e by soil microorganisms 
on their environment are discussed in the 
publications from many different points of 
view. According to the investigations the 
ratios of the different groups of microorgan-
isms varies extremely with the soil type, so 
the latter can be characterized by "distinc-
t ive microorganism groups". Some micro-
organisms (e.g. Arthrobacter) are resistant to 
unfavourable ecological factors but are sen-
sitive to human interference, and their role 
in the life of the soil is therefore unbalanced. 
The report on the isolation of bacteria which 
oxidize crude petroleum, propane-butane 
gas, pentane and liexaue is of theoretical and 
practical importance, as regards both the 
applied method and the result. The method 
is likely to arouse wide interest, because it 
allows the hydrocarbon accumulation to be 
determined unambiguously. Great practical 
importance is attached to investigations 
aimed at settl ing the soil biology problems 
related with the cultivation of the slag 
heaps left hy coal mines. According to the 
experimental results presented in the lmok 
the microbiological processes are rapid in two 
of the three m a i n components of slag heaps 
(Pannonian sand and decomposed andesite 
tu f f ) and slow in the third one (clay). When 
a fertile soil layer is spread over the slag 
heaps an intens ive decomposition of organic 
matter (cellulose) begins, which can be en-
hanced by fertilizer application. 
The contents of the book give evidence of 
the fruitful work carried out hy the V l l t h 
Scientific Session on Soil Biology, in the 
tradition of similar international conferences 
held previously. No reference has been made 
here to any of the authors of the 52 publica-
tions presented in the book, primarily because 
each one of t h e m is new of its kind as far as 
the scientific results are concerned, so the 
book serves as a rich source for those working 
in the field of soil biology and, to a certain 
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extent, in the conservation of the biosphere. 
Thanks are due to the institutions which 
organized the Scientific Session (Research 
Institute for Soil Science and Agrochemistry 
of the Hungarian Academy of Sciences, 
University of Agricultural Sciences, Keszt-
hely, Committee on Environmental Protec-
tion of the Hungarian Association of Agri-
cultural Sciences) for their wise choice of 
subjects and lectures, to the authors for their 
research work and lectures, and to the pub-
lishing house which, with the co-operation 
of the editor, has contributed to the propaga-
tion of results of theoretical and practical 
importance. 
B . HELMECZI 
N IGEL G. M. H A G U E : Nematodes. T h e u n s e e n 
enemy. A guide to nematode damage. I)u 
Pont de Nemours international S. A. Geneva, 
1 20. 
The Hungarian literature on plant protec-
tion does not abound in publications which 
deal with the damage caused b y parasitic 
nematodes on agricultural areas and with the 
possibilities of control. 
The 20-page, easily intelligible paper writ-
ten by Nigel G. M. Hague, the well-known 
English nematologist , encompasses the most 
important agronematological problems of 
world agriculture. The large number of 
coloured photographs, which illustrate the 
text and make the abstract problems clearer, 
give a special value to the work. 
To show the extent of the damage caused 
by nematodes and how expensive control is 
the author ment ions in the introduction that 
in the United States , for example, chemical 
control over an area of 1.7 million acres costs 
6(1 million dollars, i .e. the cost of control per 
unit area is 35 dollars/acre. 
Losses caused b y phytonematodes gener-
ally amount to 6—10%, though in certain 
fruit-trees and ornamentals the damage may 
be much greater. 
The importance of agronematology as 
a branch of science will definitely increase 
in the future, as the ever greater tasks facing 
world food production can only be accom-
plished on well-cultivated, fertile soils; but 
intens ive farming provides more favourable 
life conditions for the nematodes. 
The rest of the paper is devoted to a dis-
cuss ion of the biology, damage and control 
of etiologically differentiated groups of 
nematodes . 
Of the endoparasitic root-gall n e m a t o d e s 
Meloidogyne incognita, Л / . javanica a n d M . 
arenaria are described. Among the feed 
p lants of these pests, which have a wide range 
of host plants including more than 700 crops, 
m o s t vegetables, fruits and other useful 
p lants can be found. Severe infestations in-
v o l v e serious losses of yield. Attack by these 
nematodes results i n the formation of galls 
on the root, and the growth of aboveground 
parts of the plant is checked. 
These pests occur primarily in regions 
w i t h warmer climates, since their life cycle 
is decisively influenced by the temperature. 
I n discussing the cyst-forming nematodes 
the author considers tha t the damage caused 
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by the potato nematode (Globodera rostochi-
ensis, Globodera pallida) is the most important 
of all. These can be found on every potato-
growing area. In the temperate zone they 
cause damage at sea level, while in the tropics 
they are characteristic of the highlands. 
Because of their persistence and fast rate of 
reproduction serious difficulties are encoun-
tered in destroying them. The loss of yield 
is considerable: every 20 eggs/g soil means 
a 1 ton loss in yield. Among the cys t nema-
todes the beet nematode Ileterodera schachlii, 
a n d Heterodera avenae, w h i c h a t t a c k s wheat , 
barley, rye and oats , are also mentioned. The 
migrating endoparasites are also an import-
ant group of phytonematodes. 
Radophulus similis, which is mentioned 
first, and which is particularly virulent in 
banana plantat ions in the tropics, is known 
as the "digging nematode", since I he plants 
attacked collapse because of root decay. It 
has two biotypes , a banana strain causing 
damage only to bananas, and a citrus strain 
which is at present confined to Florida. 
The members of the Pratylenchus genus 
are wide-spread in the temperate zone and 
the tropics, where the damage t h e y cause is 
connected wi th diseases of the soil. 
Pratylenchus penetrans, P. vulnus a n d / ' . 
hrachyurus cause the so-called "replantation 
disease" in fruit-trees. 
The Hirschmanniella species occur in all 
rice growing regions of the world and cause 
damage to the roots of the rice plant. 
Scutellonema bradys destroys the roots of 
yams, and causes considerable losses during 
storage. Helicotylenchus multicintus is a major 
pest in banana plantations, but also attacks 
pineapples and citruses. 
In the seini-endoparasilic group of nema-
todes the females are non-migrating. Tylen-
chus semipenetrans, which causes s low destruc-
tion in citrus species, is the mos t important 
of these. The female is an obligate root pest 
and following t h e damage it causes the plant 
slowly dies. The symptoms are m o s t clearly 
expressed at t h e top of the tree. 
Rotylenchus reniformis a t t a c k s b a n a n a , 
pineapple, sugar-cane, tea, okra and coffee 
in tropical and subtropical regions. 
A separate group of nematodes includes 
the s tem and leaf nematodes which cause 
d a m a g e mostly to the aboveground parts of 
t h e p l a n t s . Ditylenchus dipsaci, o n e o f t h e 
m o s t dangerous pests of the temperate zone, 
is f o u n d in this group. The most important 
of i t s 450 host plants are flower bulbs, onion, 
garlic, oats, clover and alfalfa. 
Ditylenchus angustus, a rice stalk nema-
tode , causes the "ufra" disease in East India, 
B u r m a and other rice growing regions. 
The wheat nematode Anguina tritici was 
originally known wherever wheat was grown. 
T o d a y the major places of its occurrence are 
Ind ia , Romania and Yugoslavia. In con-
sequence of its damage black galls containing 
thousands of larvae are formed from the 
w h e a t grains. 
The "while tip" disease in rice is caused 
by Aphelenchoides besseyi, a nematode wide-
spread in the rice growing countries of the 
world. Its damage ex tends approximately to 
a lat i tude of 40° north. 
Apart from the immediate quant i tat ive 
loss , one group of nematodes causes mainly 
qual i tat ive damage b y spreading the virus 
diseases of plants. These so-called "virus-
v e c t o r nematodes" carry the infective virus 
mater ia l in the oesophagus and transmi t it 
f r o m one plant root to the other. The X i p h i -
пета index is a migrating ectoparasite which 
m a i n l y spreads vine viruses. The Trichodorus 
species are the virus vectors of tobacco. 
In the last section of the paper the author 
describes the possibilities of control, em-
phasizing that a biological knowledge of the 
different nematode species plays an important 
role in choosing the right method'of control. 
One of the control methods is agrotech-
nical in nature and is based on crop rotat ion. 
In the case of certain species the tem-
porary absence of the host plant is the only 
safe way of reducing the population (e.g. 
Globodera rostochiensis in potato). 
H o t water treatment is also a reliable 
standard method in some cases. This is suit-
able for destroying Ditylenchus dipsaci in 
f l ower bulbs. Recent ly plant breeding for 
resistance is also an efficient m e t h o d of 
nematode control. 
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Chemical control , a method appl ied all 
over the world, is only worth using where 
the crop is h ighly valuable, as the procedure 
is very expens ive . Apart from soil f u m i g a n t s 
( D D , E D B , D B C P ) , systemic soil d is infect ing 
granulates (e.g. oxamyl ) are assuming in-
creasing importance; they are absorbed 
b y the plants and provide protect ion for 
some time, depending on the duration of their 
action. These granulates also bave a contac t 
e f fect in the soil by attacking the chol ine 
esterase s y s t e m of the nematodes. 
Cs. BlIDAl 
Growth substances in horticulture (Editor: 
1). Surányi) . Mezőgazdasági Kiadó, Buda-
pest , 1978, 323. 
The book is a collection of papers by ele-
ven authors on the eff iciency of phytohor-
mones and hormone-l ike synthet ic c o m p o u n d s 
wi th high biological act iv i ty in horticulture 
(in growing fruit , vegetables , vines and orna-
mentals) . More than a thousand papers are 
published each year on theoretical and prac-
tical quest ions concerning the role and inf lu-
ence of hormones and regulators, e x a m i n e d 
alone and in interactions. It is th is wide , 
challenging, but at the same t ime ex treme ly 
rapidly deve loping and theoret ical ly well-
grounded subject that the authors have 
undertaken to summarize and eva luate , bas-
ing their work on m a n y years, in cases several 
decades of experimentat ion. They h a v e sum-
med up the horticultural application of their 
results w i t h great competence and a deep 
sense of vocat ion , in m a n y cases bas ing their 
conclusions on research reports covering 
several years. The value of the book is in-
creased b y descriptions of highly impor tant 
technologies which are suitable for intro-
duction or are already used in practice. The 
economic e f f i c iency of horticultural produc-
t ion is discussed in relation to the growth and 
deve lopment of cul t ivated plants, f l ower in-
duction, fruit format ion and the i m p r o v e m e n t 
of qual i tat ive features. 
The vo lume is divided into the fo l lowing 
chapters: 
Phytohormones, growth substances, antl 
their physiological e f f e c t s (T. B u b á n — D . 
Surányi) . The introductory chapter deals 
wi th the role of endogenous and synthe t i c 
phytohormones such as auxins, e thy lene , 
gibberell ins, morphact ines , endogenous a n d 
synthe t i c cytokinins, a n d compounds w i t h 
plant growth retardant e f f e c t s in plant p h y s -
io logy; wi th the b iosynthes i s and transport 
of endogenous hormones; w i t h the in f luence 
of these hormones on t h e transport of m e t a -
bol i tes; and with their a c t i o n on cell differ-
ent iat ion , tissue d e v e l o p m e n t , morphological 
character and the e f f i c i ency of plant organi-
zation. The hormone interact ion is primari ly 
discussed in relation t o t h e plant g r o w t h 
retardants , particularly those which h a v e 
been used for some years in horticulture. 
Possibilities of applying growth substances 
in f r u i t growing (T. B u b á n — M . D á v i d — L . 
Sebők Lovász—D. S u r á n y i — L . Zatykó). T h e 
subjects discussed in th is chapter are c lone 
product ion, seedling deve lopment , growth 
regulat ion of rootstocks, regulat ion of branch-
ing in grafts , chemical pruning , control of t h e 
« beginning of bearing i n y o u n g fruit-trees, 
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of influencing fruit setting, ripening and 
dropping by regulators, and w a y s of increas-
ing the tolerance and storahil i ty of fruits. 
Auxin-like compounds can be m o s t efficiently 
used for enhancing the growth and develop-
ment of cutt ings, seedlings and young fruit-
trees, and gibberellic acid, gihberellin deriva-
tives and morphactins for the stimulation of 
flower formation. Young grafts can best he 
induced to start hearing by treatments with 
plant growth retardants. The authors give 
detailed accounts of the results of experi-
ments with regulators which ac t 011 the pro-
cesses of f lower formation, fruit setting and 
ripening; in some eases the technologies are 
described in the form of a preliminary pro-
posal. The use of regulators is described not 
only for species of fruit (apple, pear, peach, 
apricot, plum), but in a number of cases 
suggestions are also made concerning differ-
ent varieties, on the basis of data evaluated 
over several years. Special a t tent ion is given 
in this chapter to the subject of chemical 
fruit thinning (in peach) and technologies 
suitable for large-scale practical application 
are described. The possibility of reducing 
frost damage b y chemical treatments and 
the prospects of applying chemical pruning 
represent new tendencies in p lant physiology 
and fruit growing, in theory and practice alike. 
Growth substances in vegetable growing 
(A. Andrásfalvy—D. Surányi). In this chapter 
the authors discuss the deve lopment of the 
vegetative and generative organs of vege-
tables, the possibility of controlling apical 
dominance and of stimulating the develop-
ment of seedlings by increasing the growth 
of the roots, etc. By applying the theoretical 
results in practice and rationalizing the regu-
lator treatments they open up new vistas for 
increasing the efficiency of expensive vege-
table growing operations, wi th special regard 
to increased production. The theoretical 
results and practical achievements attained 
in the subject are presented in tables, using 
many vegetables as examples. The results of 
influencing f lower, fruit and seed develop-
ment by regulator treatments are presented 
through the summarization of wide-ranging 
experiments, but many treatments have 
already been successfully applied in practice, 
as is emphatically pointed out in the chapter, 
w i th suggestions concerning variety, devel-
opment stage and rate of application. From 
the point of view of practical production it is 
particularly important to emphasize the 
results achieved through the chcniicul treat-
ment of monoecious plants, in the course of 
which the proportion of female f lowers has 
been characteristically increased; 011 the basis 
of data from pilot experiments, it is already 
possible to elaborate techniques for regulator 
application. The authors point out the im-
portance of parthenocarpy and present cases 
in which it has been induced by regulators, 
which is a new way of vegetable forcing. 
Importance of growth substances in vine 
growing (J. E i fer t - Mrs J. Eifert N. Jákó 
—I. Sz. Murányi). The chapter presents 
results in the f ie ld of stimulating the root 
development of vine cuttings and grafts, 
callus formation and graft union, chiefly by 
using synthetic auxins and tryptophane deri-
vat ives . These results have been confirmed 
in practice and are already applied in furm 
technologies. A t the basis research level the 
authors indicate that attention should be 
paid to seasonal periodicity when using 
regulators, and n o t only the rate of applica-
t ion but also the sensitivity of the variety 
mus t be taken into consideration if the tech-
nology is to be workable. A detailed survey 
of varietal sensit ivity has made it possible 
to export the technology elaborated. The 
s tudy of flowering, seed setting, ripening and 
frost tolerance, in part by means of regulator 
treatments, is regarded as an important new 
f ie ld not only from a theoretical point of 
v i ew, hut also because it sets new practical 
aims for vine growing. Within this complex 
subject the application of the plant growth 
retardant type of substances has been given 
priority. Many regulators, particularly com-
pounds with ethylene precursor effects, have 
been used in mechanical harvesting; this 
work is now past the pilot stage and regula-
tors suitable for application in practice are 
expected to appear in the near future. 
A new method of ornamental growing: the 
use of chemicals (L. Komiszár—L. Sebők 
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Lovász). Regulators are being increasingly 
applied in the vegetat ive and generative 
propagation of ornamental plants bo th under 
greenhouse and f ield conditions. In m o s t 
cases, and from the point of view of practical 
use, the plant growth retardant type of com-
pounds which induce dwarfism have been 
used most extensively so far. On the other 
hand, to stimulate forcing and ensure uni-
form development for propagation stocks 
gibherellic acid and gibberellins are m o s t l y 
used. The chapter describes in detail the use 
of regulators in the storage technology for 
cut flowers. 
There is a subject i n d e x at the end of t h e 
book, b u t unfortunately there is no author 
index and no list of references. On the basis 
of the ever widening research and the results 
achieved in practice b y treatments w i t h 
growth substances, i t can he seen t h a t 
although natural and synthet ic hormone-like 
compounds are not miracle cures, they do 
sometimes work wonders. B y presenting 
examples and counter-examples the authors 
try to inform their readers in such a w a y 
that t h e y will draw the right practical con-
clusions. 
B . I . P O Z S Á R 
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